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In 1905 we published a short paper,’ qualitative in character, 
with the purpose of demonstrating from simple laboratory measure- 
ments the existence of a linear force, apart from the volume expan- 
sion, exerted by growing crystals. We sought to show (1) that 
when a crystal, fed with appropriate saturated solution, grows in 
an open crack between walls with which it comes into contact on 
both sides, pressure is exerted to separate the walls, notwithstand- 
ing unrestricted opportunity for growth in other directions; (2) that 
the linear force thus exerted is of the order of magnitude of the 
breaking strength of the crystal and therefore a geologic force of 
considerable magnitude and importance. 

The crucial experiment offered in support of this conclusion was 
prepared in an ordinary crystallizing dish upon the bottom of which 
was cemented a block of plate glass having a plane upper surface. 
A well-formed crystal of alum was laid upon this plane surface, and 
upon it a second plane glass plate carrying a weight. A saturated 
solution of alum was poured into the crystallizing dish in sufficient 
quantity to cover the crystal, and then left to evaporate quietly 
under conditions reasonably free from temperature change and from 

t “The Linear Force of Growing Crystals,’ Proc. Wash. Acad. Sci., VII (1905), 283. 
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dust. The original drawing of the experimental arrangements is 
reproduced here for the sake of definiteness (Fig. 1). Saturated 
solution was added from time to time if needed, so that throughout 
the experiment the crystal remained submerged in its saturated 
solution. The thickness of the crystal was measured at intervals 
with an appropriate instrument. 

The experiment was repeated many times with a single crystal 
of alum and various weights, and also with a crystal of copper 
sulphate, of potassium ferrocyanide, and of lead nitrate, in appro- 





























7" priate solutions. In no single 

) instance during this series of 

observations did the crystal fail 

____ to lift (1) its own weight; (2) the 

KG Ez | weight of the superimposed 

| glass plate; (3) the weight of 

| | the load upon the glass plate 

| The distance through which 

= GLASS “| the load was lifted varied in 

ea == — aS =) different experiments from a 
“ few hundredths to 0.5 mm." 

Fic. 1.—A crystal shown growing In 1913 Bruhns and Meck- 


between two glass plates and lifting a lenburg? published a series of 
heavy load. Reprinted from the paper experiments upon the same sub- 
of 1905 (op. cit.). ‘. ‘ 
ject which purported to repeat 
those which we had made and to disprove them.. They announced 
their inability to obtain the experimental results which we have de- 
scribed, and categorically denied, in the face of much corroborative 
evidence contained in their own paper, the existence of such a 
linear force exerted during the growth of crystals. 

To this paper we did not at once reply because it seemed impos 
sible that other investigators would long allow the crucial experi- 

* The data upon which this preliminary account is based were obtained during 
the winter of 1902-3, but the records were burned in the Geological Survey fire in the 
following year, which may serve to explain the absence of complete data in the publi 
cation of 1905 

2W. Bruhns and Werner Mecklenburg (Clausthal), “Uber die sogennante Kris- 
tallisationskraft,” Jahresbericht des Niedersdchsischen geologischen Vereins su Hannover, 
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ment in a question of fact to remain unverified where a principle of 
such far-reaching importance to geologists was at stake. The issue 
could have been put to the test by anyone in a few hours without 
special facilities of any kind. 

When, however, a distinguished physical chemist (Boeke, in his 
admirable book, Grundlage der physikalisch-chemischen Petrographie, 
1915, Pp. 328) accepts their conclusion without test, and casts out 
the “linear force of growing crystals”’ from geological calculation 
entirely, a form of protest appears necessary. This outcome is the 
more unfortunate because it must be patent to a physical chemist 
that Bruhns and Mecklenburg did not in fact repeat our simple 
experiment at all, but substituted one which is not, by itself, con- 
clusive upon the point at issue; and, further, because all of their 
recorded experimental evidence is entirely in accord with our 
experience and conclusions. There appears to be no contradiction 
of fact, but only one of appropriate interpretation; the conditions 
which govern the behavior of a single loaded crystal are modified 
when an unloaded crystal is introduced into the same solution, as 
was done by Bruhns and Mecklenburg. 

Now upon the main question of fact as to whether a crystal of 
alum or other substance will or will not lift a load when immersed 
in its saturated solution in an open vessel, nothing is simpler than 
to repeat the experiment which we described. An ordinary open 
crystallizing dish, an alum crystal placed on the bottom of it and 
covered with a saturated solution of the same liquid, and an ordi- 
nary brass weight of one or two hundred grams upon the crystal, 
together with a simple apparatus to be found in any laboratory for 
measuring the thickness of the crystal before and.after the experi- 
ment, provide all the equipment necessary to establish or disestab- 
lish the fact of growth in the direction of the load. Two fairly 
typical cases follow: 

These experiments are so straightforward, and withal so conclu- 
sive in their results, that it would hardly seem possible to go astray; 
nevertheless, Bruhns and Mecklenburg, in the paper above referred 
to, have denied their validity. A series of measurements taken 
from the paper of Bruhns and Mecklenburg is quoted in Table IT." 


‘Op. cit., p. 100 
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This is not a simple repetition of our experiment, although it 
has been made to appear so. Bruhns and Mecklenburg have 
placed in the same vessel a loaded crystal and an unloaded crystal, 
and have observed, as might have been anticipated, that the 
unloaded crystal increased in thickness while the loaded crystal 
did not. This result was confirmed in other measurements of the 
same kind which need not be reprinted here. 


TABLE I* 


CONDITIONS AS ABOVE DESCRIBED; Room TEMPERATURE 
ABOUT 20°; Loap 95 Gm. No OTrHEerR CRYSTAL 





PRESENT 
Time (Hours) Thickness of Increase 
Crystal of Thickness 
° 8.3260 mm. O mm. 
a8 8.4400 0.114 


98 8.45690 0.131 


\ Very SMALL CrysTAL, CONDITIONS AS BEFORE, 
Loap 0.7 Gm. 





_—_ Thickness of _Increase 
Crystal of Thickness 
-_ —— ‘ tial \-- 
° 3.7649 mm. ° mm. 
20 3.7803 0.015 
50 3.8027 0.038 
68 3.8029 0.038 
145 3.8262 °.061 


*The experimental results contained in the present paper were 
courteously placed at our disposal by Mr. J. C. Hostetter, of the 
Geophysical Laboratory, who will report in greater detail upon this 
problem in the near future 


Let us consider for a moment the conditions of crystal growth 
in a saturated solution. Suppose a single isometric crystal to be 
immersed in a solution saturated with respect to it; and suppose 
further that the water is gradually removed from the solution by 
evaporation, thus inducing potential supersaturation and the con- 
tinued growth of the crystal in consequence. If the supersatura- 
tion is greater than can be balanced by the growth of this crystal 
under the prevailing conditions, other nuclei will tend to form upon 
which deposition may take place. Now, what will happen when 
two crystals of the same substance are present, one of them being 
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less stable than the other owing to its inferior size, or because it is 
strained, or because it is an inherently instable form, or for any 
other reason? In the first place, it is plain that a solution to be 
in equilibrium with a less stable crystal will require to be more 
concentrated than that in equilibrium with the more stable one; 
consequently in the foregoing case the solution will become super- 
saturated with respect to the more stable crystal before it is super- 
saturated with respect to the other, and the former will begin to 
srow before the latter, which, indeed, will not grow at all (it may 
even dissolve) unless the degree of supersaturation is greater than 
the growth of the more stable crystal can keep balanced. 


TABLE II 


\ Loapep (1 Gm.) AND AN UNLOADED CRYSTAL IN THE SAME SOLUTION. 
TEMPERATURE=10° C, 





UNLOADED CRYSTAL Loapep CRYSTAL 
DATE : F x cud 
Thickness of Increment of Thickness of Increment of 
Crystal Thickness Crystal Thickness 
May 5, 1913 9.68 mm. 10.00 mm. ; 
June 5, 1913 10.22 +0.54 mm. 10.06 +o.06 mm. 
July 5, 1913 10.86 +0.64 10.04 —0.02 
September 5, 1913 11.42 +0.56 10.06 +0.02 


Analogous cases also arise when the crystals are of equal stability 
but the solution is inhomogeneous, and there results from the action 
of outside forces (imperfect stirring, thermal convection, gravitative 
adjustments) a distribution of concentration such that one crystal 
is in contact with solution of higher concentration and grows while 
the other cannot. 

A familiar instance may be cited. Hf in an unstirred saturated 
solution in a closed vessel two identical crystals are placed, of which 
one is suspended a few millimeters above the other, the lower crystal 
will grow while the upper one dissolves slowly. And similarly under 
like conditions the bottom of a very large crystal will grow at the 
expense of the top, and the prismatic lateral faces gradually acquire 
the contour of a flight of steps; the reason in either case is that 
under the action of gravity the solution tends to become more 
concentrated in its lower layers, and hence, since it is kept 
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saturated at the level of the upper crystal, it will be potentially 
supersaturated at the level of the lower. In short, the rate of 


growth of an isometric crystal depends altogether upon whether the 
concentration of the layer of solution in contact with it is or is not 
potentially supersaturated with respect to that particular crystal. 
One serious result of this is that if diffusion toward a certain face is 
obstructed (e.g., when that face lies against a glass plate), that face 
will be unable to grow like the other faces. To this we shall 
revert. 

Now it is the importance of this principle to the question under 
consideration which has been overlooked by Bruhns and Mecklen- 
burg. As soon as it is appropriately applied, their observations 
correlate perfectly with ours. 

The effect upon the saturation concentration of differently 
oriented faces of the same crystal in non-isometric systems is a 
matter less well understood and is beyond the scope of this inquiry. 
We may therefore omit further consideration of it in this connection. 

In plain terms and without taking account of unnecessary com- 
plications, the situation in a saturated solution, under the condi- 
tions now under consideration, may be described somewhat in this 
way. Given a body of saturated solution of a salt in an open 
vessel, the amount of the dissolved substance which can remain in 
solution for a given temperature is limited, and it may begin to 
separate out either when the temperature is changed or when con- 
tinued evaporation from the free surface of the liquid has sufficiently 
increased the concentration. Differences in the concentration due 
to the slowness of diffusion will cause gravitative readjustments, 
bringing the portions containing the maximum amount of dissolved 
matter to the bottom. A single crystal of the salt exposed in the 
bottom of the vessel will now grow upon its exposed faces, and if the 
rate of evaporation is not too great, this growth may take care of 
all of the excess of solute resulting from the evaporation process. 
If the evaporation proceeds at a greater rate, other nuclei will form, 
and if two or more crystals are feeding upon the product of the 
evaporation their relative rate of growth (+ or —) may depend 
upon relative stability, position, size, or the amount and distribu- 
tion of load. 
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Inasmuch as a crystal lying upon the bottom of an evaporating 
dish must rest upon one of its faces, this face will support a load 
represented by the weight of the crystal less the buoyancy correc- 
tion, and this load will impose limiting conditions upon the rate of 
growth upon this face when compared with the neighboring faces, 
as was pointed out in our paper in 1905, and by Bruhns and Meck- 
lenburg in 1913. A weight placed upon the crystal merely adds 
something to the total load supported by this face (and perhaps 
covers an additional portion of the crystal surface), but contributes 
no new factor to the problem. If this superimposed weight is very 
large, the distribution of the resulting strain may become important, 
but these are questions of degree only. Limitations of circulation 
or diffusion in the capillary liquid layer below the crystal are 
affected by the amount and distribution of the aggregate load, and 
not at all by its character (whether crystal substance or foreign 
matter). This fact would hardly appear to require demonstration, 
but has certainly caused some confusion, nevertheless. 

It is then clear that the exposed top and side faces (or the sidé 
faces alone if the top is covered) may grow freely while the bottom 
remains more or less undernourished, depending upon the load 
which is supported there and the consequent impairment of circu- 
lation. Nevertheless, if the degree of supersaturation and the 
amount of material which is being furnished to the crystal through 
evaporation and diffusion is sufficient in quantity and properly cir- 
culated, the saturation concentration opposite that face also, that 
is, in the thin layer of liquid upon which the crystal rests, may be 
reached and the crystal may grow upon the bottom as well as upon 
the sides. Failure of the circulation in this supporting layer may, 
and in fact usually will, restrict the growth here to the periphery 
of the supporting face, causing it eventually to rest upon a thin 
outer rim’ of new growth rather than upon its initial flat surface, 
but growth will nevertheless take place here as elsewhere. The 

t As was pointed out in our paper in 1905, these supporting rims are often so thin 
as to debar the usual methods of area measurement. At that time an approximate 
measurement was obtained by inking the crystal with an insoluble ink and printing 
its impression upon a plane glass plate coated with white celluloid. The impressions 


thus secured contain lines so fine as to defy reproduction by the usual means and 
probably yield but a rough approximation of the surface area which supports the load. 
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greater the crystal, the greater the weight supported upon its con- 
tact surface (or rim), and the greater, a fortiori, the difficulty of 
reaching the saturation concentration in any portion of the sup- 
porting liquid layer and providing for further growth from the 
bottom.' 

To make specific application of this analysis to our case, namely, 
a single alum crystal resting upon a thin liquid layer in its own 
saturated solution and supporting an outside load, the most favor- 
able surfaces for growth will be the lateral faces, and there the 


* That the description of these phenomena as observed by Bruhns and Mecklen 
burg differs in no essential particular from our own may be seen from the following 
extracts from their paper (0. cit): 

P. 97: ‘The common view of crystal growth has hitherto been that a crystal 
grows exclusively through additions of new matter from without. A crystal can there- 
fore grow only where there is surface in contact with the solution, which offers room 
for new material to be added, and where expansion can occur. A great deal of expe- 
rience and many observations are in accord with this view.” 

P. 100: “Unloaded crystals show continuous growth and the increase in weight, 
which diminishes in the case of loaded crystals approximately in proportion to the 
decrease in exposed area, proceeds normally; that is, where new material can find a 
foothold there is growth, where it cannot there is none.” 

P. 102: “A further circumstance which requires to be considered in connection 
with the formation of the cup-shaped base [see Fig. 1] is this, that in a laboratory 
experiment in a glass vessel the base of the crystal is not in contact with the vessel 
but rests upon a layer of water or of solution which adheres both to the glass and to the 
crystal. The occurrence of such adhesion or adsorption layers is sufficiently familiar; 
they are lacking only when the crystal grows fast to its support. By reason of this 
liquid layer between the crystal and its support, the supersaturated solution is enabled 
to diffuse under the crystal, even though the rate of diffusion in the capillary layer is 
smaller than elsewhere. It will not advance far, however, for the molecules in excess 
of the quantity needed to saturate the solution, when they attempt to pass close under 
the crystal, will be quickly caught, that is, a rim [W w/st] will grow beneath the periphery 
of the crystal, as observation in fact shows.” 

P. 103: “Crystals which form on the bottom of the vessel, without exception 
show cup-shaped bases.” 

P. 103: “If a large alum crystal is laid upon a smooth surface in a saturated 
solution which is evaporating, its lower surface becomes cupped, but not in regular 
steps like rock salt or bismuth. Instead of this the central portion remains practically 
flat while a narrow supporting rim grows about it. Neither does long-continued growth 
result in a stepped formation; the narrow rim moves outward while the inclosed area 
continues nearly or quite flat.’ 

P. 105: ‘The explanation of the phenomenon may perhaps be that the supporting 
rim—which must of course bear the weight of the crystal—possesses a higher solubility 
than the remainder of the crystal. Possibly also there is a difference in solubility in 
different crystallographic directions.” 
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potential supersaturation will first be reached. If the rate of 
evaporation is sufficiently great, the saturation concentration in 
the liquid layer below the crystal will also be reached, in whole or 
in part, and growth from below will go on, albeit at an appropriately 
diminished rate compared with the sides because of the load and 
the deficiency of circulation. If the upper surface is covered by the 
load, it will share the limitation of circulation of the bottom surface. 
If the load upon the crystal is too great, or the rate of evaporation 
slow, the saturation pressure may not be reached anywhere in the 
supporting liquid layer, and growth here may be stopped. A still 
further increase in the load may even 
cause resolution of the bottom surface, 
while the side surfaces continue to grow. 

In support of this analysis, the 
accompanying photograph (Fig. 2) of 
a crystal grown under a heavy load 
and the measurements made upon it 
(Table III) will be found interesting. 
A single crystal of potash alum was im- 
mersed in a solution saturated with Fic. 2—A crystal grown un- 
both potash and chrome alum under a der load. Dark portions are new 


1 of Oth liti growth (under load). (View 
; o —- > were § 
oac Of I90 gm. er conditions were from above.) 





as heretofore described. The dark areas 
are fresh deposit, colored of course by the chrome alum and thus 
distinguishable from the original crystal. It is plain that there is no 


TABLE III 


CONDITIONS AS BEFORE. LOAD 190 GM. 


Time (Hours) Thickness of ; Increase 
Crystal in Thickness 
3.5090 mm. ° mm. 
me 3-5239 0.015 
°5 3. 5859 0.077 
=a 3.5926 0.084 


fresh deposit (colored matter) on the central portions of the original 
crystal above or below. The accessions of fresh matter are found 
exclusively on (and beneath) the new lateral faces. Nevertheless, 
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this crystal lifted its load (Table III), and we are concerned at the 
moment less with the form than with the fact of linear growth in 
the direction of the load. Bruhns and Mecklenburg have recog- 
nized and pictured this peripheral rim (Wuist) and admit its 
lifting action for increasing loads of crystal substance,’ but 
deny lifting power when crystal substance is replaced by foreign 
substance. 

The distribution of growth about an unloaded crystal is rather 
well shown by the same device. Fig. 3 is a vertical section through 
an unloaded crystal of potash alum grown in a solution saturated 
with both chrome and potash 
alum. The color plainly reveals 
the distribution of new crystal 
substance and shows the origi- 
nal crystal, together with the 
mass of new matter deposited 





upon its upper surface, to have 
been lifted bodily o.4 mm. by 


Fic. 3.—Distribution of new growth 


about an unloaded crystal 
the new growth. It may be 


noted also that the original crystal was inverted from its position 
of original growth (its cup is still distinguishable facing upward) 
in order that subsequent growth might suffer no modification 
through special limitations of circulation imposed by the original 
supporting rim. 

By the same reasoning, the case offered by Bruhns and Mecklen- 
burg (Table II) is capable of equally definite analysis. Here we 
have in the same solution two crystals, one loaded and the other 
not. The saturation concentration will ordinarily be first reached 
upon the top and side surfaces of the unloaded crystal; secondly, 
in the exposed (and strained) side surfaces of the loaded crystal; 
thirdly, in the supporting liquid layer beneath the unloaded crys- 
tal; and last of all, in the liquid layer beneath the loaded crystal. 
Whether this last concentration can be reached in the presence of 
the three lower saturation concentrations, all of which are exacting 
their toll of the solution, will depend upon fortuitous relations of 


‘See Bruhns and Mecklenburg’s paper, p. 105; also the quotations therefrom, 


footnote, p. 320 
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temperature, rate of evaporation, and load. It is also possible that 
steps 2 and 3 in this process may have a different order from that 
assumed. This is, however, of small consequence here. The prin- 
ciple to be recognized is that potential supersaturation will be 
reached in the liquid layer adjacent to the unloaded crystal first, 
and in the layer adjacent to the loaded crystal later, if at all. If 
no supersaturation occured, obviously no growth of the loaded 
crystal would be possible. Growth at the bottom of the loaded 
crystal may therefore be positive, zero, or negative, and is much 
more likely to be zero or negative than positive in the conditions 
described by Bruhns and Mecklenburg. The rate of evaporation 
and the amount of the load are governing conditions here, suppos- 
ing always that no other nuclei develop. 

Two sets of measurements are submitted in support of this 
analysis. Table IV contains the record of two crystals, a loaded 
74 gm.) and an unloaded one, placed in a saturated solution 
together, after the manner of Bruhns and Mecklenburg, and the 
results confirm their observations (Table II) perfectly. The 
unloaded crystal grows at the top, sides, and in the supporting rim 
below, while the loaded crystal shows no growth in the direction 
of the load. 

rABLE I\ 


CONDITIONS AS BEFORE 


Crystat 1 (Loap 74 Gm CRYSTAL 2 (UNLOADED) 
Time (Hours 
Thickness of Increase of Thickness of Increase of 
Crystal Thickness Crystal Thickness 
*) 4.5988 mm .) mm. 3.9852 mm. ° mm. 
20 4.5988 —0.003 4.2588 0.274 
43 4.6001 —0.O0I 4.6636 0.678 


The results of Table V may perhaps serve to illustrate wherein 
Bruhns and Mecklenburg were hasty in generalizing from such an 
observation to the sweeping conclusion that no growth can take 
place in a loaded crystal in the direction in which the load is applied. 
This experiment (Table V) also shows two crystals, a loaded and 
an unloaded one, in the same saturated solution, and differs in no 
detail from the previous case (Table IV) save that the load has been 
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lightened (74 gm. to o.7 gm.) and differs in no detail from Bruhns 
and Mecklenburg’s series (Table II) save that our rate of evapora- 
tion from the solution was probably faster than theirs. The 
measurements leave nothing to be desired in the simplicity and 
directness of the proof offered that a loaded crystal may also lift 
its load in a solution containing an unloaded one (as unsuccessfully 
attempted by Bruhns and Mecklenburg), though in the light of the 
foregoing analysis it must be clear that the conditions there are 
least favorable for such growth. Nevertheless, growth will occur 
there also if the rate of evaporation is sufficiently high. It may not 
be inferred, however, that the supporting rim of the unloaded 
crystal carries no weight (“Er muss ja vornehmlich den Kristall 


TABLE V 
CONDITIONS AS BEFORE 














Crystat 1 (Loap o.7 Gu | CrystaL 2 (No Loap) 
Tiwe (Hours ’ 
Thickness of Increase of Thickness of Increase of 
Crystal Thickness Crystal Thickness 
° 4.0307 mm. ° mm. 3.4017 mm. ° mm. 
18 4.0357 0.005 3.5516 0.090 
43 4.0492 0.019 3.QQ07 0.529 


tragen,” Bruhns and Mecklenburg, p. 105);' it merely carries less 
weight than the corresponding portion of the loaded crystal. The 
conditions in the liquid layers adjacent to the two crystals there- 
fore differ in degree only, and one crystal may grow, or both may 
grow, according to the degree of supersaturation developed by the 
conditions of evaporation. Since the process of distribution of the 
crystalline molecules depends upon diffusion, a small difference of 
load means but a small difference in concentration at unit distance, 
and consequently a sluggish molecular flow. Diffusion would be 
similarly delayed by increasing the horizontal distance between a 
heavily weighted crystal and an unweighted one, but we have not 
put this evident inference to the test of experiment. 

Had Bruhns and Mecklenburg chanced to place their unloaded 
crystal beneath the overhanging load upon its neighbor, it would 


* See footnote, p. 320. 
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have grown alone until it shared the load, after which both crystals 
would have grown at rates approximately in inverse relation to 
their individual shares. 

The effect of distributing a load over three crystals is shown by 
a simple case (Table VI). 


TABLE VI 


ExposurE 3 Days. TEMPERATURE ABOUT 20°. Loap 200 Gm. 


THICKNESS OF CRYSTAL 
INCREASE OF 


; THICKNESS 
Initial Final 
Crystal 1 3.416 mm. 3.527mm./ o.11r mm. 
Crystal 2... 2.841 2.970 0.129 
Crystal 3 3.033 3.108 0.075 


Nor is it necessary that the measurements given in this table 
should stand alone in support of so important a conclusion. 
Bruhns and Mecklenburg succeeded in raising disks of porcelain 
loaded with weighted beaker-glasses, by the help of the crystalliza- 
tion of chrome alum, to elevations of a millimeter and more under 
certain conditions. These conditions were that the solution in 
contact with the disks and their load should be allowed to evaporate 
to dryness, the maximum elevations resulting when fresh portions 
of saturated solution were added and evaporated successively. 
These observations were not measured in detail, but are sufficiently 
well described in the following paragraphs (Bruhns and Mecklen- 
burg, op. cit. pp., 107 and 108): 

“Greater or less loading of the little beaker-glasses made no difference in 
the crystal development. All the six beakers—and this is the important point 

no longer rested upon the porcelain disk but rather upon chrome alum 
crystals. After breaking the glasses loose, it was possible to establish beyond 
doubt that the crystals which supported the loaded beaker-glasses were at 
least 1 mm. thick, in many places even thicker, and the glass was no longer 
anywhere in contact with the porcelain supports” [p. 107]. 

“After a fragment of the crystallizing dish was broken away, in order to 
obtain a vertical section through the system, it could also be plainly seen that 
the porcelain disks no longer touched the bottom of the dish at any point, but 
were separated from it by a crystal layer the measured thickness of which was 
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from 1 to 2mm. Through the crystallization of the chrome alum, therefore, 
both the porcelain support and the beaker-glasses were actually separated 
from the bottom and lifted up” [p. 108]. 


This elevation, they assert, has nothing to do with any force of 
crystallization, and is to be accounted for by “forces of capillarity 
and adsorption,’ but just how these forces produce this result they 
do not explain. 

If two parallel plane surfaces are separated by a drop of liquid 
which wets them both, it is well known that the effect of capillarity 
is to urge them together with a force 27 V/d?, where T is the surface 
tension, V the volume of the drop, and d the distance between the 
plates, and this force may be great enough to change the melting- 
point of blocks of ice or to break sheets of heavy plate glass. Thus 
a flat disk of porcelain moistened with alum solution and resting 
on a flat glass plate experiences a downward pressure as if it were 
heavily loaded. 

If a solution has a greater or smaller surface tension than the 
solvent, the solute tends respectively to desert the surface of the 
solution, or to seek it, and in the physics of colloids the concentra- 
tion of solute at such a surface is known by analogy as adsorption. 
As E. Dorsey and others have shown, aqueous solutions of salts 
such as chlorides and carbonates of the alkalies and zinc sulphate 
have a surface tension greater than that of water, and according to 
Poynting and Thomson,’ the surface tension of salt solutions gener- 
ally exceeds that of water. The adsorption in this case, considered 
as a possible lifting force, is therefore negative. Adsorption films 
in their relation to crystal growth have been investigated experi- 
mentally with great thoroughness by Marc in a series of four papers, 
“On Crystallization from Aqueous Solutions” (1908-10);3 and 


Phil. Mag., XLIV\ 1897), 309. 
Properties of Matter, 1902, p. 181. 


Che chief conclusions reached by Mare are contained in the following brief 
citations (Zeitschr. f. phys. Chem.): 

“It was found that the rate of crystallization, so far as it could be determined, 
of all the substances investigated was proportional to the square of the supersatura- 
tion »p t., LXVII [1909], 500). 

that a very rapid change precedes the crystallization proper, which is 
interpreted to be an adsorption phenomenon. Support is given to this view by the 
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again, ‘On Adsorption and Saturated Surfaces”’ (1913),' without 
developing any single fact in support of the hypothesis advanced 
by Bruhns and Mecklenburg. 

Neither capillarity nor adsorption exerts any upward pressure 
on the loaded disks of porcelain in the experiments under discus- 
sion, while adsorption does not prevent the exercise of the very 
great downward pressure due to the surface tension of water. Yet 
the alum crystallized and the disks were raised. 

In the opinion of the observers it was essential to the elevation 
of the disks that evaporation should be complete.‘ Was the eleva- 
tion, then, produced after the crystallization was complete and the 
mass solidified? The observers make no such statement, which, 
indeed, would seem absurd. But if the raising was not effected 
after solidification, it must have been produced before solidifica- 
tion, or while the underlying film was liquid and while crystalliza- 
tion was in progress, in opposition to capillary force as well as to 
the weight of the disks and their load. 

Liesegang appears to have appreciated this anomaly in Bruhns 
and Mecklenburg’s statement, though accepting their conclusion, 
for he sought to relieve it by the following explanation (referring 
to the experiments of Bruhns and Mecklenburg): ‘‘ Nicht ein Wach- 
stumsdruck der Krystalle sondern Capillars und Adsorptionskrafte 
bewirkten hier also die Hebung. Das heisst die Leistung war schon 
volbracht ehe Kristalle auftraten.’” ‘‘ The lifting was done before 
the crystals formed.” This is not claimed by Bruhns and Meck- 
lenburg, nor supported by any experimental evidence which they 
fact that this preliminary phenomenon is particularly sensitive to slight impurities 
upon the crystal surface” (ibid., LX-XTII [1910], 718). 

“No relation could be established between concentration and the quantity of 
adsorbed material” (ibid., LXXIII [1910], 686). 

“Tn all cases the rate of crystallization is diminished by the addition of substances 
which are adsorbed by the crystal, eventually even to the point of becoming practically 
zero”’ (ibid., LXXIII [1910], 718). 

“Tt was shown that the substances chiefly adsorbed by crystals are colloids, while 
the crystalloids are adsorbed only very slightly” (ibid., LXXCXI [1913], 692). 

t Bruhns and Mecklenburg, op. cit., p. 106: ‘Es sei aber ausdriicklich betont 
dass der Versuch nicht gelang, wenn wir nicht die Masse bis zum Grunde trocken 
werden liessen.”’ 

2R. E. Liesegang, “‘Kristallisationskraft,” Naturw. Rundschau der Chem. Zig., 
Zweite Jahrg. 1913, p. 183. 
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offer, and indeed would seem to be without any foundation 
whatsoever. 

We fail to see any reason for connecting the rise of the porcelain 
disks with capillarity or with adsorption. These could only 
obstruct the elevation, and must have been overcome by a linear 
force attending the crystallization of the alum, as in our own 
experiments. 

It is not expedient, however, to rely on reasoning alone in 
matters of physics if experimentation is practicable, and we accord- 
ingly made the effort to separate the forces to which Bruhns and 
Mecklenburg appeal, through evaporation of solution of a colloid 
(gum arabic) in which was immersed a block of glass replacing the 
alum crystal between the two plates of glass (Table VII). Evap- 
oration to dryness caused no rise of the upper glass plate as it 


TABLE VII 


BLock oF GLASS REPLACING THE ALUM CrysTAL (Fic. 1). Loap (Griass PLATE) = 
24 Gm. Gtass BLock AND Loap CoMPLETELY IMMERSED IN 2 PER CENT SOLv- 
rion OF Gum ARABIC IN WATER. Room TEMPERATURE 





Time (Hour »—~ ‘Thickness Notes 

- 37. 2609 o mm. 

BI 37.2040 TO.004 

25.1 37.2054 TO.0045 

45.1 37.2621 +0.001 

50.2 37.2615 +0.001 Evaporated to dryness 
Refilled with 2 per cent gum arabic solution; all conditions unchanged 

<8.8 37.2009 +0.000 
68.8 37.2070 + 0.000 

76.1 37.2070 tT O.000 
116.9 37. 2653 +0.004 Evaporated to dryness 


should have done were capillarity and adsorption the source of 
energy. A saturated solution of alum added to the colloid 
(Table VIII) starts crystal formation and growth at once, but at 
a rate much slower than in the cases where no colloid was present. 
This is in full accord with the experiments of Marc.’ 

In addition to confirming the results of Marc, Table VIII offers 
independent and explicit experimental proof that the “linear force”’ 
appears here also in spite of the action of the colloid in retarding 


t See footnote, p. 320. 











tion 


lain 
nly 
ear 
wn 


in 
rd- 


nd 
did 


sf 











THE LINEAR FORCE OF GROWING CRYSTALS 329 


diffusion through increased viscosity and in interposing an adsorp- 
tion film at the crystal surface. : 
Conditions in ore deposits appear to correspond very well with 
those in the laboratory, for crystallization may be found accom- 
panied by local evidence of linear thrust or not, according to the 
magnitude and distribution of the opposing forces. Its failure is 
most often manifest in comb structure, found in crevices whose 
walls are each lined with tightly adhering crystals which either 
interlock and extend quite across the crevice or grow together near 
the central plane and mutually exclude further development. 
Such comb structure is common in veins, but far from universal. 


TABLE VIII 
SAME PLATES, BLOCK oF GLASS, AND CONDITIONS, EXCEPT 
THAT THE 2 Per Cent Gum ARABIC SOLUTION Has 
BEEN SATURATED WITH PoTasstUM ALUMINIUM SUL- 


PHATI 
ime (Hours) Spherometer Increase 
mendaacaas Readings in Thickness 
. 7.2653 ° mm. 
4-9 37 . 2604 ©.004 
4 37.2721 ©.007 
9 7.2812 0.016 
40 37.2818 0.017 
7! 37.2842 0.019 
95 37.2857 0.020 
146 37-2873 ©.022 
173 37-2916 0.026 
siti 37-3979 0.043 
aU7 37-3178 0.053 
300 37-3170 0.052 
409 + 37-3185 0.053 


It may be inferred, further, that linear pressure plays a subordi- 
nate part in much more complex occurrences. 

Messrs. Bruhns and Mecklenburg seem to have misunderstood 
the last paragraph of our paper in which we called attention to the 
fact that the linear force of growing crystals cannot be disposed of 
as a mystery comparable to the growth of plant roots. It is a 
sharply defined physical process open to quantitative experimental 
investigation. It may not be fully understood, but it is no mystery. 
















330 GEORGE F. BECKER AND ARTHUR L. DAY 


The conclusion of these authors seems to be that during growth, 
material is added only to the upper and lateral faces of the crystal, 
so that a molecule once added remains at its original level. This 
was Kopp’s contention in opposition to Lavalle, whose conclusions, 
however, were confirmed by Lehmann and others, including our 
selves. This is in fact the root of the matter. Ifa given increment 
of the mass after deposition remains at its original level throughout 
the subsequent growth of the crystal, this exerts no linear force; 
while if the motion of the particle has a vertical component in 
consequence of the vertical extension of the lateral faces of the 
crystal, linear force is exerted. 

On the other hand, if several crystals are immersed, one or mors 
of them being loaded while others are not loaded, the loaded crystals 
grow only when the concentration of the solution in contact with 
them exceeds the saturation concentration for each crystal. Pres- 
sure, of course, increases solubility or raises the point of saturation 
for most salts.‘ Hence in such circumstances the unloaded crystals, 
or, more strictly, the less loaded crystals, usually are the only ones 
to exert lifting power, but in this case, also, growth raises the weight 
of each crystal. 

Thus Bruhns and Mecklenburg’s results with loaded porcelain 
disks are readily explicable. They experimented with solutions 
containing many small crystals, some of them weighted, others free. 
The disks did not rise measurably until the liquid was low and its 
surface (and consequent rate of evaporation) greatly increased by 
protruding solid matter, or until the crystals reached from the 
bottom of the dish to the disks, after which the disks were 
lifted. 

Repetitions of this operation, extending over a few days, pro- 
duced aggregate displacements of 5.o mm. If to this be added our 
original measurement, twice confirmed in the course of the present 
control tests, that this linear force, because of the narrow rim 

* As is well known, if the solution of a solid at constant temperature is attended 
by a diminution in total volume and a liberation of heat, pressure increases solubility. 
Such is the case for most crystalline solids including the alums. If the change in 


volume accompanying solutions is an increase, as in ammonium chloride, pressure 


decreases solubility. 
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through which it acts, actually exerts a pressure of the same 
order of magnitude as the breaking load of the solid crystals, need 
there be further hesitation in assuming that this is a force to be 
reckoned with in engineering" or in geology ?” 


SUMMARY 

In 1905 we showed by appropriate experimental evidence that 
a single crystal immersed in its own saturated solution, and growing 
by reason of the potential supersaturation of the solution resulting 
from evaporation will lift a weight placed upon it. This observa- 
tion has been confirmed in the present paper. 

In 1913 Bruhns and Mecklenburg placed two crystals in a similar 
saturated solution, one loaded and the other free, and noted that the 
load upon the one crystal was not raised, although the free crystal 
grew rapidly. From this experiment they were led to deny the 
power of a crystal to lift a weight of foreign substance, although 
admitting the power of the unloaded crystal to lift its own substance. 
They appear to have overlooked in this conclusion the fact that the 
solubility of the loaded crystal is for most substances greater than 
that of an unloaded one, and also that this is a difference in degree 
only, for the unloaded crystal also supports weight (its own). 

In consequence of this greater solubility, with an unloaded and 
a loaded crystal in the same solution, the necessary condition of 
potential supersaturation will be reached in the liquid adjacent to 
the unloaded crystal before it is reached in the other, and the 
growth of the unloaded crystal thereafter may keep the concentra- 
tion below that necessary for the growth of the loaded crystal. 
This appears to be the condition reached in Bruhns and Mecklen- 
burg’s experiment. If it happens, however, that the rate of growth 

tCf. the investigations of Dr. Hans Kiihle, “‘Die Ursache des Treibens der 
Zemente,” Tonindustrie Zig., XXXVI (1912), 1331-34; and of Klein and Phillips, 
“Hydration of Portland Cement,” Technologic Papers of the Bureau of Standards 
No. 43 (1914), pp. 50, 56, 57. 

2 Cf. the recent observations of Stephen Taber, Virginia Geol. Survey Bull., 


No. VII (1913), p. 222; also G. D. Harris, “Rock Salt, Its Origin, Geological Occur- 


rences and Economic Importance in the State of Louisiana,” Geol. Survey of 


Louisiana, Bulletin No. 7 (1907), p. 75. 
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of the unloaded crystal is insufficient to take up all of the excess 
concentration provided by the continued evaporation, then super- 
saturation will increase. It is entirely possible under these condi- 
tions that the potential supersaturation necessary for the growth 
of the loaded crystal may then be attained or even exceeded, and 
that the loaded crystal will also grow and lift its load. This condi- 
tion was attained experimentally without difficulty in the observa- 
tions recorded in this paper. If concentration increases still more 
rapidly, and exceeds the ability of both unloaded and loaded crystals 
to take up, through their continued growth, all the matter in excess 
of the saturation concentration, then additional nuclei may form 
upon which excess matter may be deposited. This appears to have 
been the condition attained in the last series of Bruhns and Meck- 
lenburg’s observations in which the solution was evaporated to dry- 
ness. 

Here six disks of porcelain loaded with weights were all raised 
a millimeter or more in the same solution, but Bruhns and Mecklen- 
burg attribute this result to the action of capillarity and adsorp- 
tion, and deny the competence of the “linear force of growing 
crystals” to effect such mechanical displacements. 

A simple analysis suffices to show that capillarity in a solution 
evaporating to dryness can have no other effect than to press the 
crystal down upon its base with a force equal to 27 V/d?, where T 
is the surface tension, V the volume of the drop of liquid between 
the crystal and its base, and d the distance separating the two, and 
that the lifting action observed by Bruhns and Mecklenburg has 
occurred in spite of this opposing force and not because of it. 
Adsorption delays diffusion and diminishes the rate of growth, but 
does nothing to promote it. These forces therefore cannot be 
appealed to in explanation of the lifting observed by Bruhns and 
Mecklenburg and by us. 

We therefore return to the original thesis that the growth of 
crystals in saturated solution develops a linear force in the direction 
of the load, and that neither the magnitude of the load (up to the 
breaking load) nor its character (whether exclusively crystal sub- 
stance or partly foreign substance) has any other effect than to 
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increase solubility and so to raise the concentration necessary for 


potential supersaturation and growth upon the loaded crystals. 


lhis degree of supersaturation is readily attainable through evapo- 
ration or otherwise, and when attained the loads are lifted. With 
this thesis established, there is no conflict between the observations 
of Bruhns and Mecklenburg and our own, and all the experimental 
evidence offered is perfectly correlated. 

CARNEGIE INSTITUTION OF WASHINGTON 


GEOPHYSICAL LABORATORY 
February, 1916 






































THE CLASSIFICATION OF THE NIAGARAN FORMATIONS 
OF WESTERN OHIO! 
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INTRODUCTION 
There has been more or less uncertainty concerning the names 
which ought to be used for the Niagaran formations of the Silurian 
system in western Ohio together with their correlation with the 





formations of the same series in eastern Indiana. Field work in the 
summer of 1914 in this area has cleared up some of this uncertainty 
and part of the results are deemed of sufficient importance to war- 
rant their early publication. 

t Presented at the Ohio Academy of Science meeting in Columbus on November 28, 
1914, and at the American Association for the Advancement of Science meeting in 


Columbus on December 28, 1915. Published by permission of the State Geologist 
of Ohio. 
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A series of sections at Piqua, along the Stillwater River between 
Covington and West Milton, and along Ludlow Creek in Miami 
County, and in the vicinity of Lewisburg, Eaton, and New Paris 
in Preble County, bas furnished the writer the complete section 


~~ rom the Ordovician to the highest Silurian rocks of this area. 
DESCRIPTION OF SECTIONS 

The contact of the Ordovician and Silurian systems is clearly 
shown at Ludlow Falls, and the succeeding rocks as high as they 
extend in this region are admirably exposed at the falls and in the 
series of quarries which border the creek for some distance above 
the falls. Sections at other localities agree with the ones along this 
creek and show that the general order of succession is essentially 
the same for these counties. 

LUDLOW CREEK SECTIONS 

Four of the series of sections measured along Ludlow Creek will 
be given, which were checked by several other sections along the 
same stream. From these a general section of the rocks shown 
along this creek can be compiled. 

The following section is based on the outcrops in the north- 
eastern corner of the Colonel Samuel B. Smith quarry and the bank 
at the northern end of Ludlow Falls: 

SECTION OF LUDLOW FALLS AND THE SMITH QUARRY 

THICKNESS ~~ 

No Feet Inches Feet Inches 
6. Dayton limestone—Northeast corner of the 
S Colonel Samuel B. Smith quarry. The rock 
n varies from light gray to somewhat darker gray 
p on fresh fracture and some as weathered is 
bluish-gray. Other layers on the weathered 
. faces are buff to brownish or rusty color from 
disintegrated iron pyrite. The rock splits into 
; even-bedded layers; but the surfaces of the 

bedding planes are frequently rather rough and 

show stylolites structure. The majority of the 

layers vary in thickness from 2 to 10 inches, 

most of them ranging from 4 to 6 inches. The 

lowest layer is from 3 to 4 inches thick, and the 
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next one above ro inches, which in places splits 
into 2 layers with hackletooth structure at con- 
tact. The lower layers contain iron pyrite, 
which stains them on weathering. There are 
also calcite crystals, but no fossils were noted 
Brassfield limestone.—Crystalline and crinoidal 
light-gray to pinkish limestone, with very ir- 
regular bedding planes. Specimens of corals 
and Stromatopora are rather common, and 
there is an occasional Brachiopod shell. In 
places there are irregular masses of blue shale 
which contain a good many corals. This is the 
bottom of the quarry at this corner, and the 
barometer with an interval of only 7 minutes 
read the same at the highest outcrop of the 
Brassfield limestone on the northern bank of 
Ludlow Creek, just above the Dayton, Coving- 
ton, and Piqua traction bridge and Ludlow 
Falls , henna 
The upper 5 feet of the bank at the northern 
end of Ludlow Falls varies in color from light 
gray to pinkish and greenish, while some of it 
when weathered is brownish. Most of it is 
coarsely crystalline, part of it is very crinoidal, 
and it contains large numbers of Bryozoa, 
corals, and Stromatopora , a 

Rather massive, more or less crystalline, lime- 
stone, which is of light-gray color, somewhat 

brownish as weathered; and some of it is very 
light gray, almost white, and is locally called a 
“marble.” It contains very few fossils, if any. 
At the center of the falls there are 11 feet of the 
Brassfield limestone undercut by the water of 
a See ee ee Tee 

Belfast bed."—Blue rock, which is probably 
argillaceous and rather sandy, with layers from 

2 to 6 inches thick and the average about 3 

inches. This zone was thought by Dr. Foerste 


' The writer understands Dr. Foerste to now refer the Belfast bed to the Rich- 
mond, which is also the opinion of Dr. E. R. Cumings 
oa. Dr. W. H. Shideler, however, has found certain Brachiopods in the Bel- 


which he thinks allies it with the Brassfield. 


; —— TOTAL 
THICKNESS TWICKNESS 
Feet Inches Feet Inches 
8 2 41 5 
5 I 33 3 
5 ° 25 2 

16 6 23 2 
, based on a study of its 
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; — TOTAL 
THICKNESS THICKNESS 
No Feet Inches Feet Inches 


to represent the Belfast, since he wrote, “If 

they [the layers] represent the Belfast bed of 

more eastern sections, as is believed to be the 

case, they certainly have changed considerably 

from the typical form of the rock.’’'.. .. 2 8 6 8 
1. Richmond formation.—Rather _ thin-bedded 

blue rock to shaly layers, perhaps with sandy 

to calcareous composition. ‘This zone extends 

to water level and blue shale is washed out of a 

pit that has been dug still deeper by the water. 

About 5 feet of this zone are shown in the bank 

on the southern side ae ° 4 ° 


The foregoing section gives 26 feet 7 inches for the thickness of 
the Brassfield limestone. This agrees fairly well with the estimate 
based upon the thickness of the Brassfield on the northern bank 
at the falls and the section in the Big Four Railway cut west of the 
station on the southern side of the creek. Mr. W. Z. Miller, my 
assistant, made the top of the Brassfield limestone in the railway 
cut about 7 feet higher than the top of the ledge on the northern 
bank of the creek, which gave 283 feet for the total thickness of the 
Brassfield limestone on Ludlow Creek. 

The general section of Ludlow Creek is continued by the section 
of the western wall of the Colonel Samuel B. Smith quarry and the 
bank above it, below the house of Patrick Gallagher. 


SECTION OF WESTERN WALL OF THE SMITH QUARRY 


THICKNESS I 
No Feet Inches Feet Inches 
26. Laurel limestone—Top of bank just below 
house of Mr. Patrick Gallagher. Light- to 
bluish-gray rock in fairly even layers varying 
from 2 to 5 inches in thickness. The upper 
weathered ones are rather buff and finely 
ae eecase al eee 3 5 24 10 
25. Partly covered interval. Light- to brownish- 
gray, rather thin-bedded, dolomite .. 2 8 21 5 
24. Osgood beds.—Partly covered zone; but at top 
bluish-gray shale to shaly limestone..... .. ; I 3 18 9 


* Journal of the Cincinnati Society of Natural History, XVIII (1896), 18 
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T'HICKNESS ee 
No Feet Inches Feet Inches 
23. Brownish- to bluish-gray, thin layer, from 1 to 
2 inches thick 13+ 17 6 


¥ 


22. Bluish-gray shaly limestone to shale, from 6 to 7 
inches thick. A specimen of Leptaena rhom- 
boidalis (Wilckens) was noted 63+ 17 43 
21. Dayton limestone.—Top layer of western bank 
of the Colonel Samuel B. Smith quarry. Light 
gray, with rusty spots due to iron pyrite, from 


3 to 4 inches thick 33+ 16 10 
20. Layer 2+ inches thick 2 + 16 63 
19. Layer from 3 to 4 inches thick with dark-gray 

blotches in its upper part 33+ 16 43 
18. Dark-gray irregular bands in the lighter colored 

rock. It contains iron pyrite and varies from 

4 to 5 inches in thickness 43+ 16 I 
17. Light-gray rock without much dark color, 

which contains some iron pyrite and varies from 

5 to 6 inches in thickness 53+ Is 83 
16. Three-inch layer at bottom of more or less 

massive zone (Nos. 16 to 21, inclusive), with 

average thickness of 1 foot 10 inches at top of 

quarry wall on the western and northern sides 3 15 3 


15. Two rather compact layers, the upper one 4 

inches and the lower, 6 inches thick 10 15 ° 
14. This layer will split up into thinner ones and it 

contains iron pyrite 9 14 2 
13. Compact layer 4 13 5 
12. This layer may split up to some extent on 

weathering 9 13 I 
11. This layer on weathering splits into various 

layers from 2 to 5 inches thick I 2 12 4 | 
10. This layer on weathering tends to split into 

layers from 2} to 4 inches thick 9 II 2 


9. Layer with dark-gray blotches or banding due 


to iron pyrite 6 10 5 
8. Layer from 5 to 6 inches thick, which tends to 

split to some extent and contains masses of 

calcite... 53> 9 II 
7. Six-inch layer with stylolites structure in the 

basal portion 6 9 53 


6. The limestone of this layer and the underlying 
Dayton layers is, in general, compact, probably 
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THICKNESS a 
No Feet Inches Feet Inches 
somewhat impure, and in part of rather light- 
gray color. This layer varies in thickness from 
12 to 13 inches...... eae I $+ 8 113 
5. Eleven-inch layer ack II , 
4. Four-inch layer. 4 7 ° 
73* 6 8 


3. Layer from 7 to 8 inches thick hiatal 
2. Layer from 3 to 4 inches thick and the base of 
the Dayton limestone. The average thickness 
of layers Nos. 2 to 15, inclusive, is 9 feet 3 inches 33 6 3 
The Dayton limestone is correlated by the 
writer with the compact, even-bedded limestone 
below the soft, blue shale or clay of the Osgood 
beds of Indiana, as defined by Dr. Foerste. 
Therefore in this and the following sections of 
this paper the Dayton limestone is regarded 
as the lower member of the Osgood beds. 
1. Brassfield limestone—The bottom layer of the 
extreme western wall of this quarry is the upper 
part of the Brassfield limestone. Farther to 
the southeast on this western side of the quarry 
5% feet of the upper Brassfield limestone, from 
its contact with the Dayton limestone to the 
bottom of the quarry, is shown. It is a crystal- 
line limestone of light-gray to pinkish color, the 
bedding surfaces frequently of greenish color. 
The upper part is fairly fossiliferous, the com- 
mon forms being corals, Bryozoa, Stromato- 
pora, and crinoid segments. Some of the rock 
contains so many crinoid segments that it is a 
crinoidal limestone. Bottom of this part of 
the quarry ae ; 9 5 9 
In the foregoing section, Nos. 2 to 21, inclusive, are referred to 
the Dayton limestone, which then has an average thickness of 11 
feet 1 inch in the western part of the Smith quarry. Samples of 
the Dayton limestone from this quarry were analyzed by Professor 
D. J. Demorest with the following result: 





Siliceous Residue | FeO; and Al.O, CaCO, MgCO, 
9.97 1.35 55-37 31.18 
10.10 1.40 55-37 


31.23 
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rates the Dayton and Laurel limestones. 


SECTION OF THE Otto EHLERS QUARRY 

THICKNESS 

No Fee Inches 
21. Laurel limestone.—Three layers at the top of 
the quarry wall which in descending order are 
respectively 4, 7, and 6 inches thick. As 
weathered, these layers are buff-colored and 
fairly compact. The upper part of this zone is 

perhaps above the Laurel limestone I 


20. Compact layer which is more massive than the 

two immediately below it 10 
19. More compact layer than that immediately 

underlying it 8 
18. It splits into 2 or more layers which are similar 

to underlying ones 6 
17. Compact, light-gray dolomite, weathering to 

buff color and varying from 6 to 7 inches in 

thickness 63+ 
16. It tends to split at the bottom into 3 layers 6 
15. Light-gray dolomite which weathers to buff 

color 3 
14. Shale containing calcareous nodules to shaly 

limestone 3 
13. Light-gray, weathering to buff color, compact 

dolomite 10 
12. Shaly, light-gray dolomite, weathering to buff 

color, from 3 to 5 inches thick 4 = 
11. Light-gray, argillaceous shale 2 
10. Light-gray, fine-grained dolomite, which splits 

into 3 layers I 8 
g. Light-gray, argillaceous shale 3 


* Report of the Geological Survey of Ohio, III (1878), 470. 





Nos. 2 to 24, inclusive, are referred to the Osgood beds, which 
gives this formation in this section an average thickness of 13 feet. 

Farther west in the series of quarries on the northern side of 
Ludlow Creek is the one of Otto Ehlers, which in the Miami County 
report is called the Ellis quarry." The section of this quarry is 
important in determining the stratigraphy of this region due to the 
excellent exposure of the shale zone (No. 7 of section) which sepa- 


TOTAL 
THICKNESS 


Feet Inches 


20 4 
18 II 
18 I 
I7 5 
16 II 
16 42 
15 104 
- -1 
T5 72 
- 1 
T5 42 
14 63 
14 24 

1 
I4 2 
12 43 
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THICKNESS ae. 

No Feet Inches Feet Inches 
8. Zone of rather thin layers of light-gray to 
f bluish-gray dolomite, with shaly to shale part- 

ings.... Pr ey I 
7. Osgood beds.—Zone of rather dark-gray shale 
which weathers to a bluish-gray color and is 
rather calcareous. Conspicuous zone on quarry 


+ 
— 
to 
ae 

oe 


tS) 
©] 


ee 3 
6. Dayton limestone.-—Massive zone at top of Day- 

ton limestone which splits into at least 3 layers, 

which, in descending order, are respectively 9 

to 10, 3, and 11 tor2inchesthick. It isa light- 

to bluish-gray, compact limestone. . . 7 2+ 0 7 , 
5. Light- to bluish-gray limestone forming massive 

zone on northern wall. It splits, however, into 

3 layers, which, in descending order, are re- 

spectively 11, 7, and 8 inches thick 2 2 5 3 
4. Light-gray layer on weathered face from 12 to 

14 inches thick, which will split into 2 or 3 

a ree os 1 I + 3 5 
3. Layer similar to those below it , ’ 10 2 4 
2, Bluish-gray, compact layer, 7 to 8 inches 

thick ... ' Sah aceae 4% I 63 
1. Bluish-gray, compact rock, containing large 

masses of calcite. Bottom of exposed rock in 





quarry . oes ees eee ees ° II II 


In the foregoing section the shale zone (No. 7) which separates 
the Dayton limestone from the Laurel limestone is beautifully 
shown on the quarry walJ. This layer of shale was recognized in 
various sections in Miami and Preble counties and is a very impor- 
tant aid in identifying the formations of these counties and corre- 
lating them with those of southeastern Indiana. 

At the western end of the almost continuous line of quarries on 
the northern side of Ludlow Creek is the Maxwell quarry, the 
upper part of which carries the general section along Ludlow Creek 
stratigraphically higher than those already described. The follow- 
ing section of this quarry was measured at its western end to the 
west of the J. J. Wagner brick house: 








No 
. Springfield dolomite—Light gray, weathering 


oo 


1d. 





SECTION OF THE MAXWELL QUARRY 


to whitish color on surface, and splitting into 
layers varying from 2 to 6 inches. Impression 
of Calymene niagarensis Hall about 1 foot below 
the top of this zone ne ; peer 
Light-gray layer with Pentamerus oblongus 
Sowerby common in its lower 3 inches. 
Mottled zone.—Massive zone of mottled-colored 
dolomite, gray with light-colored blotches and 
spots, which splits into 2 conspicuous layers on 
part of the quarry wall and more where much 
weathered. Surface rather rough and pitted 
when weathered. 

This zone has been correlated with the West 
Union limestone; but there is some uncer- 
tainty whether that limestone extends as far to 
the northwest as this locality and consequently 
for the present it is not referred to any definite 
formation . eee 
Laurel limestone—Thin-bedded with uneven 
bedding planes. As weathered, rusty to 
brownish color on surface, which extends for 
some distance into the rock 
Light-gray to bluish-gray, compact layer 
Thin-bedded, light- to bluish-gray zone, with 
irregular bedding planes 
Compact, light- to bluish-gray layer 
Rather shaly layer 
Two compact, light-gray layers, the upper 9 
and the lower 8 inches thick 
Light-gray, shaly dolomite and blue shale 
Thin-bedded dolomite splitting into 3 or 4 


layers 


. Osgood beds.—Fine blue, argillaceous shale to 


clay eeeeees 

Rather coarse, blocky blue shale which forms 
the lower part of the shale zone. Nos. 7 and 8 
constitute the shale zone in the upper part of 
the Osgood beds with a thickness of 2 feet 2 


inches 


CHARLES S. PROSSER 


THICKNESS 
Feet Inches 
2 6 

5 

5 6 
I Io 
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Io 
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I 5 
6 

I 4 
I 8 


THICKNESS 
Feet Inches 
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10 
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No. Feet Inches Feet Inches 
6. Dayton limestone.—Massive zone at top of Day- 

ton limestone with a thickness of 2 feet 3 inches, 

which splits into 5 layers and the first three in 

descending order are from 4 to 5 inches each in 

thickness, while the fourth from the top is 8 

inches and the fifth 4 inches thick. Light-gray 

with blotches and spots of dark-gray, compact 

rock with stylolites or hackletooth structur2 at 

the bedding planes... . . fa einige et 2 3 7 II 
5. Layer of shaly, greenish Menestene. ae eee 10 5 8 
4. Compact layer of light-gray color with some 

dark-gray blotches containing iron pyrite and 

ST eee Ae ee I ° 4 10 
3. Shale to shaly limestone porting . gta 2 3 10 
2. Dark- to light-gray limestone which eplits is into 

several layers. ; meee 3 2 3 8 
1. To water level in old quarry y pit ; emia 6 6 


In the foregoing section, Nos. 7 and 8 correspond to the shale 
zone (No. 7) of the Ehlers quarry and form the upper member of 
the Osgood beds. The Laurel limestone comprises Nos. g to 16, 
inclusive, with a total thickness of 7 feet 2 inches. The extreme 
upper part of this quarry wall shows nearly 3 feet of light-gray 
fossiliferous rock which is referred to the Springfield dolomite. 

Professor Bownocker has recently published a bulletin on the 
“Building Stones of Ohio”’ which contains a section of this quarry.' 
In this bulletin the zone called the ‘“‘ West Union limestone” corre- 
sponds to the “ Mottled zone,”’ No. 17 of the foregoing section, and 
the upper limestone of the “Osgood beds” is what the writer is 
correlating with the Laurel limestone of Indiana, and includes Nos. 9 
to 16, inclusive, of the foregoing section. The blue shales overlying 
the Dayton limestone of Professor Bownocker’s section correspond 
to Nos. 7 and 8 of the writer’s section, the top of which he regards 
as corresponding to the top of the Osgood beds of Indiana. 

GENERAL SECTION ALONG LUDLOW CREEK 

A general section of the formations exposed at Ludlow Falls and 

in the series of quarries on the northern bank of the stream has been 


* Geological Survey of Ohio, 4th Ser., Bull. 18 (1915), p. 37- 
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compiled from the separate sections described above, which shows 
the formations from the upper part of the Richmond in the Ordo- 
vician system to the lower part of the Springfield dolomite in the 
Silurian system. Some of the zones or formations vary in thick- 
ness in different outcrops, in which case the variation in thickness 
has been given. This necessarily causes a variation in the entries 
in the column of total thickness. 


GENERAL SECTION ALONG LUDLOW CREEK 


Thickness of Zone 


Names of Series and Formatio 
or Formation s of Series and Formations 


Total Thickness 


Niagaran Series 


2}4’ Spring field dolomite (only lower part shown) 
542’ to 58 j c 

54° Mottled zone 
493" to 5 

7h’ Laurel limestone 
g2}’ to 457,’ - Top of Osgood beds 

1} }’ to 33’ Shale zone 

40}’ to 42)’ Dayton limestone 

IIyy’ Base of Osgood beds 
9’ to 31}’ 

Oswegan Series 
264’ to 28}’ Brassfield limestone 
Cincinnatian Series 
29’ Belfast bed at top of Richmond formation 





A mere outline of the classification of the formations of the 
Niagaran series along the Ohio-Indiana state line was published 
by the writer on April 20, 1915," and the Brassfield limestone was 
given in the Oswegan series.’ 

Correlation of the Brasstield limestone.—The limestone in the 
foregoing sections, which is called the Brassfieid, is the one which in 
Ohio has generally been called the Clinton and correlated with the 
well-known New York formation of that name, which forms the 

* Outlines of Field Trips in Geology for Central Ohio, The College Book Store, 
Columbus, Ohio, p. 18 


2 Ibid. 
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basal part of the Niagaran series of that state. As early as 1896 
Dr. Foerste stated that— 

The identity between the Clinton faunae of the two states [Ohio and New 
York] on closer examination is not found to be so close as at first supposed. 
Whether this is due to geographical causes, the Clinton of New York being 
more litoral, or whether it is due to moderate differences of horizon, can not be 
told until the Clinton of New York is much more closely studied. Although 
I have been accustomed to call the Ohio formation the Clinton, yet I should 
be willing to recognize the fact that the identity is not very marked, by giving 
it a name of its own, for instance, the Montgomery formation, on account of its 
typical development in Montgomery County, in Ohio." 

In 1906 Dr. Foerste proposed the name Brassfield formation for 
this limestone from outcrops ‘‘along the Louisville and Atlantic 
Railroad, between Brassfield and Panola, in Madison County,” 
Kentucky.? It was stated that “for the . . . . limestone section 
at the base of the Niagaran division of the Silurian, hitherto identi- 
fied with the Clinton of New York, the name Brassfield limestone 
is proposed.” 

After listing the fauna of the Brassfield limestone in Kentucky, 
Ohio, and Indiana, and noting the absence in it of certain charac- 
teristic Brachiopods of the New York Clinton, Dr. Foerste wrote 
as follows: 

The identification of the Brassfield limestone of Kentucky, and of its 
northern extension in Ohio and Indiana, in former years, with the Clinton 
limestone of New York, rests rather upon a somewhat similar facies of 
the two faunas, and upon the general absence of the more typical species of 
the Rochester shale fauna of New York in these limestones at the base of the 
Silurian in Ohio, Indiana, and Kentucky, than upon the presence of any con- 
siderable number of species common to both areas. On closer inspection, the 
fauna of the Brassfield limestone of Ohio, Indiana, and Kentucky appears to 
differ sufficiently from the fauna of the Clinton limestone of New York to 
warrant the assumption of the presence of some sort of barrier between these 
two areas.* 

Dr. Foerste has also stated in a later publication that “the 
Brassfield limestone is the southern continuation of the strata 
which were identified in Ohio, by Professor Orton, as Clinton.’’s 


* Journal of the Cincinnati Society of Natural History, XVIII, 189. 
2 Kentucky Geological Survey, Bull. 7, p. 27. 3 Ibid., p. 18. 4 Ibid., p. 35. 
$ Journal of the Cincinnati Society of Natural History, XXI (September, 1g09), 1. 
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At the 1912 meeting of the Geological Society of America, Pro- 
fessor Charles Schuchert proposed the Cataract formation: “‘a new 
formation at the base of the Siluric in Ontario and New York,” 
from a locality called the Cataract in the Credit River region oi 
Ontario, 48 miles northwest of Toronto.' In August of the same 
year Professor William A. Parks in describing “The Palaeozoi 
section at Hamilton, Ontario,” stated that ‘‘a new formation—the 
Cataract— .. . . represents an invasion from the north and west 
at the commencement of Silurian time. The upper limestones and 
shales of this formation are highly fossiliferous and present a fauna 
comparable with that of the Brassfield formation of Ohio and 
Kentucky.’” 

Dr. Merton Y. Williams described a series of sections in the 
Niagara escarpment of Ontario in a paper before the Geological 
Society of America in December, 1913, in which he reported that 
“the Medina sandstones of Niagara gorge (125 feet thick) are 
represented farther north by dolomite and shales (Cataract forma- 
tion).”” 

An article by Dr. Kindle on “‘What Does the Medina Sandstone 
of the Niagara Section Include ?”’ contains the following sentence: 
“The examination by the writer of a number of sections holding 
this fauna [Cataract] in connection with a review of the Niagara 
section has convinced him that all of the terranes associated with 
the Cataract fauna are represented in the Medina of the Niagara 
section.’”4 

In a later and exhaustive paper on the “ Medina and Cataract 
Formations of the Siluric of New York and Ontario,” Professor 
Schuchert shows the close relationship of the Brassfield fauna to 
that of the Cataract formation of Ontario and also “that the 
Cataract is a close correlate with the Medina”’ formation of New 
York.’ In another place is the statement that “in other words, the 


* Bulletin of the Geological Society of America, XXIV (March, 1913), 107. 

* Guide Book No. 4 (Twelfth International Congress of Geologists), “‘ Excursions 
in Southwestern Ontario,” B,, p. 128. 

3 Bulletin of the Geological Society of America, XXV (March, 1914), 40. 

4 Science, N.S., XXXIX (June 19, 1914), 918. 


5 Bulletin of the Geological Society of America, XXV, (September, 1914) 291. 
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typical Medina formation shades through lateral alteration into 
the typical Cataract.’ 

This apparently agrees with the idea expressed by Professor R. 
Zuber, of the University of Lemberg, on the escarpment at Hamil- 
ton, Ontario, in August, 1913, when he said that the Medina and 
Cataract appeared to him to be different facies of the same forma- 
tion. Concerning the relation to the Brassfield, Professor Schuchert 
wrote: 

The Cataract may also be compared with the Brassfield formation of Ohio 
ind Indiana, as the two are clearly related, and also both are of a limestone 
facies. The former has 76 species and the latter 140. Between the two there 
are 24 forms in common... .. When the two biotas are finally carefully 
compared with each other, there will undoubtedly be added more significant 
forms strengthening the view that the Cataract and Brassfield are fairly close 
correlates in time. However, as these two faunas are not of the same epicon- 
tinental basin, one cannot expect a large percentage of the forms to be common 
to both; the Brassfield element came in from the Gulf of Mexico region, while 
the Cataract migrated into Ontario through the Gulf cf St. Lawrence embay- 
ment across the Province of Quebec or came in from the Arctic.? 

A little later Dr. M. Y. Williams, in his article on the “Stra- 
tigraphy of the Niagara Escarpment of Southwestern Ontario,”’ 
has stated that “Medina is used in the sense in which Grabau 
has redefined the term, that is, to include the beds above the 
(Jueenstown shale and below the Clinton formation. It is extended, 
however, laterally to include the Cataract formation as defined by 
Schuchert.’” : 

The Medina sandstone underlies the Clinton beds of New York 
and is not included in the Niagaran series, but is the upper forma- 
tion of the Oswegan series as classified by the New York Geological 
Survey. Therefore, if the correlation reviewed above be accepted, 
then the Brassfield limestone (formerly called Clinton) of Kentucky, 
Ohio, and Indiana is to be transferred from the Niagaran to the 
Oswegan series of the Silurian system. 

Furthermore, Professor T. E. Savage believes that in the Mis- 


‘ 


sissippi Valley the Sexton Creek limestone “represents about the 


' Ibid., p. 294. 2 Ibid., p. 291. 
> Summary Report of the Geological Survey [Canada] for the Calendar Year 1913 


1914), p. 182. 
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same general period of deposition as the Brassfield limestone.” 
The Sexton Creek limestone is the upper formation of the Alexan- 
drian series, named and described by Professor Savage,’ a series 
that in Illinois and Missouri contains all the formations between the 
Richmond-Maquoketa formation, at the top of the Cincinnatian 
series, and the base of the Niagaran series. 


Since the above was written, advance pages of a work on 
Historical Geology by Professor Schuchert have been received in 
which the following correlation appears: 

Lower Silurian Medina, Cataract, and Brassfield formations. 
or Oswegan Becsie limestone. 
OTHER SECTIONS OF WESTERN OHIO 

Sections farther up the Stillwater River toward Covington show 
the middle and upper parts of the section exposed along Ludlow 
Creek, while those in Covington carry the general section still 
higher. Sections farther west, near Lewisburg and New Paris, 
agree essentially with those of the Stillwater Valley. 

Sections in and near Covington——About two miles south of 
Covington is the Jackson Stone Co. quarry, near the Stillwater 
River, on the Charles H. Jackson farm. It is easily reached by the 
Piqua, Covington, and Dayton trolley line, leaving the car at stop 45, 
which has the name of Sugar Grove. The section given below is 
of the eastern wall of the quarry, the top of it near the engine 
house, a short distance southwest of the crusher. 


SECTION OF THE JACKSON STONE Co. QUARRY 


THICKNESS 4 TOTAL 

THICKNESS 

No Feet Inches Feet Inches 
22. Cedarville dolomite-—Buff, mostly porous, crys- 
talline dolomite, with Pentamerus oblongus 
Sowerby common all through the outcrop. 
Zone at base with large number of specimens 
of Pentamerus oblongus Sowerby as well as 

Favosites niagarensis Hall ane oe 8 109 9 


* Illinois State Geological Survey, Bull. 23 (1913), p. 33. 
2 American Journal of Science, 4th Ser., XXV (1908), 434, 443; Jilinois State 
Geological Survey, Bull. 23, pp. 14, 15. 
3A Text-book of Geology, Part II, Historical Geology (1915), p. 661. 
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Springfield dolomite—Buff-colored, rather thin, 
layers of even-bedded dolomite. The layers 
vary in thickness from 2 to 8 inches and the 
majority of the layers are probably from 4 to 6 
inches thick. No one of the exposed layers is 
blue. Fossils, as Pentamerus oblongus Sowerby, 
and corals are common and certain layers con- 
tain numerous specimens of Pentamerus ob- 
longus. This zone, with its thin even beds of 
buff color, has clearly the lithologic appearance 
of the Springfield dolomite. ................ 
Bluish-gray, weathering to a buff cules, rather 
compact, slightly porous, dolomite which gener- 
ally splits into two layers + 
Bluish-gray, somewhat mottled, layer which 
contains but few fossils 

Bluish-gray layer, fairly compact, in part sb- 
crystalline, with some small holes and contain- 
ing large numbers of Pentamerus oblongus 
Sowerby. On account of the large number of 
fossils this zone may be called a Pentamerus 
layer and clearly belongs in the Springfield 
dolomite oika 
Mottled zone.—Massive layer of bluish-gray 
dolomite marked with large, irregular-shaped 
spots of light-gray color, so that the entire sur- 
face has a coarsely mottled color. It has a 
porous structure with medium-sized cavities. 
It contains some fossils, as, for example, cup 
corals and crinoids, with an occasional specimen 
of Pentamerus. At the base is a stylolites part- 
_ 


. Laurel limestone.—Lithologically like lower 


layers, thickness varying from 9g to 10 inches, 
more porous in upper 4 inches, with small and 
larger holes. Some fossils, as a cup coral and 
OE 6.5 kinins aero ae sean 
Bluish-gray, somewhat porous, Mescstene. A 
ah GRRE ED TI. «5-5 9 vox ne nanos 


. Layer of light-gray m< ottled with deck, -gray, 


fairly compact, limestone, varying in thickness 
from 12 to 13 inches 
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= . TOTAL 
THICKNESS THICKNESS 
Feet Inches Feet Inches 
10 6 106 I 
I 5 95 7 
103 94 63 
10 93 8 
7 2 Q2 10 
1 2 8 
92 ©5 . 
10 84 103 








7 


13. Light-gray limestone in 4 layers, with shaly 


partings, varying in thickness from 19 to 21 
inches. Lithologically similar to subjacent 
layers 

Light-gray, with dark-gray spots and blotches, 
compact limestone, which is harder than lower 
layers and varying in thickness from 12} to 13 
inches 

Gray, weathering to a brownish color, gritty 
shale, about 1 inch thick 

Layer lithologically about the same as the sub- 
jacent one 

Light to slightly brownish-gray with dark-gray 
blotches and spots of hard limestone, varying in 
thickness from 14 to 16 inches. Mr. Harry H. 
Brandon of the Jackson Stone Co. stated that 
the Laurel limestone worked in this quarry, 
Nos. 9 to 16, inclusive, with a thickness of 7 
feet 1 inch, is a superior rock for macadamizing 
roads and in respect to its binding quality is 
one of the best in the state 

Light-gray limestone blotched with dark-gray 
spots and streaks from pyrite. Calcite crystals 
are also present. It isa hard layer which forms 
the present floor of the quarry (August, 1914), 
and its upper surface is undulating, forming 
sort of dome-shaped elevations 

Gray, gritty shale and perhaps rather calcare- 
ous 

Light-gray limestone blotched with spots and 
streaks of darker-gray color, which are due to 
pyrite in small grains that has discolored the 
rock; when weathered it changes to a brown 
or rather rusty color. The zone varies in thick- 
ness from 16 to 17 inches and is the base of the 
Laurel limestone, which in this quarry has 
1 thickness of 9 feet 1 inch 

Osgood beds.—Dark-gray shale, very gritty to 
the teeth, which is exposed in upper part of pit 
in floor of quarry. The measurements and 


characters of the zones below the floor of the 
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— Tora. 
THICKNESS THICKNESS 
Feet Inches Feet Inches 
I § = 83 ° 
I #2 81 33 

I = 80 3 
5 8o 2 
I 3 + 79 9 
5 78 6 
g ° 75 I 
. 
1 in 
I 42 4d 10 
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, Tora. 
THICKNESS THICKNESS 
No Feet Inches Feet Inches 


quarry to and including No. 5 were obtained 

from the outcrops in the upper part of the pit 

in the floor of the quarry. oe | 8 76 
4. Dayton limestone.—This zone was not exposed 

at the time the quarry was studied on August 

29, 1914. Mr. Brandon, however, stated that 

it is 12 feet in the pit from the bottom of the 

quarry to the white “Clinton”’ limestone. If 

the statement that it is 12 feet from the floor 

of the quarry down to the top of the white 

“Clinton” is correct, then the Dayton lime- 

stone has a thickness of about 8 feet 33 inches. 

Mr. Brandon described it as a hard, blue 

stone j 8 
3. Brassfield limestone.—Mr. Brandon stated that 

in the well drilled at the engine house in this 

quarry the white “Clinton” is between 18 and 

20 feet thick . ° 66 6 
2. Richmond formation.—Mr. Brandon stated that 

below the white “Clinton” the well passed 

through 453+ feet of blue stone, and the 

base of this zone he reported as 110 feet 

below the mouth of the well in the engine 


un 
to- 


WwW 

Rin 

~ 
= 

oO 
> 


house o>. 45 6 47 6 
1. The well penetrated 2 feet of rock, which is 

described by Mr. Brandon as reddish “granite.” 

Bottom of well. . . 2 ° 2 ° 


A halftone of the eastern wall of this quarry, the one described 
in the foregoing section, is given in Fig. 1. The lower part 
of the wall shows the Laurel limestone. Mr. Cottingham’s 
‘mottled zone,” his hand marks the base 


‘ 


foot is on top of the 
of the 103-foot zone of Springfield dolomite, while the extreme 
top of the bank below the building is the basal part of the Cedar- 
ville dolomite. 

The foregoing record is an important one in the series of sections 
in this part of the state, since there is a continuous exposure from 
the Osgood shale up and into the lower part of the Cedarville 
dolomite. The Laurel limestone is well shown and has a thickness 
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of about 9% feet, which is 2 feet more than its thickness in 
the Maxwell quarry of Ludlow Creek. Samples of the Laurel 
limestone from this quarry were analyzed by Professor D. J. 


Demorest with the following result: 


Silicious Residue | Fe.O, and ALO, CcaCo, MgCO, 


14.35 | 1.40 52.68 29.53 





The ‘“‘mottled zone’’ is also thicker, since in this quarry it is 7 
feet 2 inches, while it is only 5 feet 6 inches in the Maxwell quarry. 
The Springfield has a thickness of 13 feet 3 inches, overlying which 
is the lower 3 feet 8 inches of the Cedarville dolomite. The north- 
ern wall of this quarry extends higher stratigraphically than the 
eastern wall below the crusher, and on this wall the “‘mottled zone”’ 
is 6 feet 10 inches thick, above which is 13 feet of Springfield dolo- 
mite, capped by 9g feet 5 inches of Cedarville dolomite. At the 





northern end of the eastern wall almost 10 feet of the Cedarville 
dolomite is shown. 

An illustration of this quarry has been published’ under which 
appear the names “West Union, Springfield, and Cedarville lime- 
stones.’ The West Union probably refers to what is listed as the 
“mottled layer” in the foregoing section. 

The recent bulletin by Professor Bownocker contains a section 
of this quarry’? in which the “‘West Union limestone”’ corresponds 
to the “mottled zone,”’ No. 17 of the foregoing section, and the 
upper limestone of the “Osgood beds” corresponds to what the 
writer correlates with the Laurel limestone of Indiana, Nos. 6—16 
of his section. The 2 feet of ‘‘dark-blue shale” of Professor 
Bownocker’s section corresponds to No. 5 of the writer’s section, 
and he considers the top of this shale as corresponding to the top 
of the Osgood beds in Indiana. 

* Eighth Annual Report of the State Highway Depariment of Ohio (1913), Fig. 0, 
p. 257. The geological part of the report is probably to be credited to Mr. W. C. 
Morse, judging from the statement on p. 17. 

* Geological Survey of Ohio, 4th Ser., Buli. 18 (1915), p. 36, and Pl. IIT opposite 
this page apparently gives a view of this quarry or one in its vicinity. 
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n The upper Niagaran dolomites were formerly extensively 
| quarried in Covington, but in recent years they have not been 
worked to any extent. Just south of the town is the J. W. Ruhl 





+ 








Fic. 1.—Eastern wall of the Jackson Stone Co. quarry, two miles south of Cov- 
ington, Ohio. The lower part is the Laurel limestone. Mr. Cottingham’s foot is 
on top of the “mottled zone,” above which is all of the Springfield dolomite, while 
the top of the wall is the base of the Cedarville dolomite. 


quarry, the long wall of which is visible from the traction cars to 
the west of the track. The following section of the eastern wall, 
near its upper end and a short distance south of Bridge Street, was 


made: 













SECTION OF THE J. W. RUHL QUARRY AT COVINGTON 


No 
Il. 


Cedarville dolomite-—Fairly massive, gray to 
buff, porous dolomite, with the characteristic 
lithologic appearance of the Cedarville. Cer- 
tain layers contain abundant impressions of 
crinoid segments and parts of stems with an 
occasional cup coral. Rather infrequently 
more or less of the calcareous material of a 
crinoid stem is preserved. In the weathered 
wall are rather large holes in addition to the 
smaller ones which give it the porous structure. 
Near the base, Spirifer and other Brachicpod 
shells were noticed in association with crinoids. 
Che upper 11 feet of this part of the quarry wall 
belong in the Cedarville, but on a wall farther 
south some 15 feet of Cedarville are shown 
Springfield dolomite—When weathered, buff, 
compact rock containing small holes, due to 
solution of crinoid fragments. Layers vary 
from 2 to 6} inches in thickness; but the 
majority are 3, 4." 5 inches thick. All of the 
zone is somewhat sorous....... Sanat 

Chert zone containing 4 layers of chert. The 
rock is harder than in the zone above, denser, 
not so porous, and of slightly greenish-gray 
color. Pentamerus oblongus Sowerby occurs in 
the second chert above the base as well as in the 
lowest one ee 
Ten-inch layer in which Pentamerus oblongus 


Sowerby is common 


Compact, hard rock, somewhat rough on the 


broken surface. Color gray; but of different 
shades, so that it is not uniform , 
Hard, compact, light-gray rock in which holes 
are infrequent. Stylolites are frequent in the 
bedding planes of this part of the quarry wall 
Lithology of layer similar to overlying one 
Similar, but with a more conspicuous bedding 
plane at the base 

Massive gray layer near bottom of quarry, 
which has pretty compact structure, but is not 
so hard as the three layers which immediately 


CHARLES S. PROSSER 


THICKNESS 


Feet 


tN 


Inches 


































TOTAL 
THICKNESS 
Feet Inches 
26 5 
15 5 
I2 It 
Ge) I 
9 3 
7 7 
6 6 
5 5 
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THICKNESS — 
No Feet Inches Feet Inches 
overlie it. It contains some calcite crystals and 
a Brachiopod shell similar to a small Pentam- 
oe... Loan : anaes I 10 4 2 
2. Layer similar in lithologic characters to the 
superjacent one........... oe iia 63 2 4 
1. Mottled zone.—Massive layer of drab color, 
mottled with light-gray spots and blotches. 
Compact rock and harder than layers above. 
This was the lowest exposed layer near the 
northern end at the time the quarry was 
studied in July, 1914... I 9 I 9 


The Sprirefield dolomite in this quarry is believed to comprise 
the zones numbered 2 to 10, inclusive, which have a total thickness 
of 13 feet 73 inches. The same formation in the Jackson quarry 
is 13 feet 3 inches thick, which shows ,a close agreement in these 
two sections, since there is a difference of but 43 inches in the thick- 
ness of the Springfield formation in the two quarries. 

Section near Lewisburg.—About 20 miles southwest of Coving- 
ton is the large quarry of the Lewisburg Stone Co., which is rather 
more than a mile northwest of the station at Lewisburg, Preble 
County, and located on the southern bank of Twin Creek. This 
quarry and the bank of Twin Creek below the crusher furnish an 
important section, since almost the complete series of rocks from 
the upper part of the Brassfield limestone into the lower part of 
the Cedarville dolomite are admirably shown. The western wall 
of the quarry extends higher stratigraphically than the southern 
wall, but with the exception of the extreme top of the section it 
was the southern wall of the quarry toward the western end that 
was measured. 


SECTION AT THE LEWISBURG STONE Co. QUARRY 


> : TOTAL 
: THICKNESS THICKNESS 
No Feet Inches Feet Inches 


20. Cedarville dolomite-—Light-gray, weathering to 
a dark-gray, porous reck with the lithologic 
appearance of typical Cedarville. At the time 
the quarry was studied, on account of the shat- 
tered condition of the wall, due to extensive 
blasting, it was difficult to decide where the line 
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between the Cedarville and Springfield dolo- 
mites ought to be drawn. This zone appears 
certainly to belong in the Cedarville and pos- 
sibly it may be the base......... rr 
Zone on southern wall with abundant specimens 
of Pentamerus oblongus Sowerby; but on the 
western wall the fossils are not common 
Rather compact, light-gray rock containing 
abundant crinoid stems and an occasional speci- 
men of Pentamerus oblongus Sowerby. Some 
chert in more or less definite layers. On the 
western wall a zone corresponding to this and 
including the superjacent 3 inches is rather 
clearly marked. It contains chert in layers and 
has a thickness of 4 feet 10 inches. 
“First cap rock” of the quarrymen. Gray 
and very porous rock, the cavities to a large 
extent apparently due to the solution of fossils. 
This zone has the lithologic appearance of the 
Cedarville dolomite, and it is not improbable 
that it belongs in that formation. According 
to Mr. E. T. Paul, manager of the Lewisburg 
Stone Co., the thickness of this zone is variable 
and “runs from 2 feet up to about 5 feet; the 
average, however, being about 3} feet.” 

Feet Inches 
Spring field dolomite-—The four follow- 2 2 
ing layers are composed of light-gray 1 4 


to perhaps buff-colored rock, which 8 
has rather compact texture. It is 1 5 
now used for cut stone 

Buff, massive zone which splits into 2 or 3 
layers and contains Calymmene niagarensis Hall. 
This zone and the superjacent 4 layers are 
called ‘‘buff rock”? by the quarrymen 

Mottled zone.—‘‘ Second cap rock”’ of the quar- 
rymen. Light-gray, porous rock with dark- 
gray spots and blotches. It contains crinoid 
segments and fragments of other fossils. The 
lithologic appearance of the zone is very similar 
to that of the mottled zone in the Jackson and 
Maxwell quarries and the interval between the 


THICKNESS 
Feet Inches 
4 7 

3 
3 3 
3 6 
5 7 
3 ° 








TOTAL 
THICKNESS 
Feet Inches 
53 It 
49 4 
49 I 
45 fe) 
42 4 
30 9 














No 


11. Osgood beds.—Bluish-gray, 





base of the mottled zone and the top of the 
Osgood shale is about the same in all three sec- 
Ca. . 5 a ; 


. Laurel limestone-—The following courses all 


have a bluish-gray color when seen on fresh 


surface: 

Inc hes) 
Light-gray, compact course 6-7 
Light-gray, compact course. 47-5 


Light-gray course, the upper part 
blotched with dark-gray spots, but not 
many in lower part..... ; > ae 


Shaly limestone parting... . i-I 
Light-gray, compact layer 8 
Light-gray course, with dark-gray spots 

and bands which tend to split into 2 
layers ey 8 
Light-gray layer. . 9-93 
Very mottled light- and dark-gray, thin 
layer inset aie pee 33 
FE a ee ret ° 
Similar to above layer with a broken 
parting at DASE... ..cesieieed coasriiice * a 
Bluish-gray layer with dark-gray streaks : 
and spots 6 


The total thickness of the above layers varies 


from 5 feet 10} inches to 6 feet 2 inches. 


. The three following layers are of light-gray 


color with dark-gray spots, blotches, and 


streaks and have about the same lithologic 


appearance: 

Feet Inches _ 
First layer. . . I 3 
Second layer asa 10 
Compact, massive layer containing 
calcite crystals 2 I 


forms the floor of the quarry. Six inches or 
more are shown in the quarry. Mr. Robert 
Mollett, foreman of the quarry, stated that at 
the time of the March flood of 1913 the shale 
was shown by the side of the railroad track 


THE NIAGARAN FORMATIONS OF WESTERN OHIO 


soft shale which 
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T a TOTAL 
THICKNESS THICKNESS 
Feet Inches Feet Inches 
4 1 33. («9 
6 + re) 20 5S 
4 2 23 8 

















below the crusher and varies in thickness from 
> feet 6 inches to 3 feet 

Dayton limestone.—Mr. Mollett stated that the 
upper surface is somewhat uneven and that the 
limestone extends about 1 foot higher than 
the top of the exposed ledge on the south bank 
of Twin Creek below the Lewisburg Stone Co. 
crusher. 

Upper foot, according to Mr. Mollett, not ex- 
posed 

Light-gray layer, very rusty colored from 
weathered iron pyrite. Varies in thickness 
from 1 to 2} inches 

Mostly light-gray, thin-bedded to shaly, lime- 
stone 

hin layer of more or less crystalline structure, 
which contains fossils 

Bluish-gray, thin-bedded layers, weathering to 
a very light-gray or whitish color. Rarely thin, 
somewhat irregular, finely crystalline layers in 
which is an occasional fossil 

This zone will split into 3 layers. The upper 
one contains‘much pyrite and has weathered in 
spots to a very rusty color. The middle and 
lower parts of light-gray color with spots and 
irregular layers of dark-gray color from iron 
pyrite 

Light-gray to bluish-gray, rather thin-bedded 
layers on bank of creek, with slightly glistening 
surface. Upper part of zone contains imperfect 
Brachiopods. 

Light-gray, compact layer which is harder than 
rock above. Base at creek level on Septem- 
ber 5, 19014 

[wo thin layers of compact, bluish-gray rock, 
the upper one 2 inches and the lower one 2} 
inches thick 

Brassfield limestone.—The upper surface rough. 
Mottled pink and gray crystalline limestone in 


bed of creek, just below the bank of Dayton 
limestone. In the bed of the creek 13 inches 
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THICKNESS ee 
Feet Inches Feet Inches 
2 9 = 19 6 
I+ oO 10 9 
3+ 15 o+ 

I ° 15 74 
2+ 14 73 

-1 

2 4 14 52 
10 12 13 

2 4 II 33 
7 8 113 

1 1 

42 5 42 
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THICKNESS — 
No Feet Inches Feet Inches 
of Brassfield limestone was measured; but it 
extends on down the creek and a quarryman 
stated that about 8 feet is shown along the 
creek 8+ o 8 ° 


A view of the southern wall of the Lewisburg Stone Co. quarry 
is shown in Fig. 2. The lower part of the wall is the Laurel even- 
bedded limestone, the top of which Mr. Cottingham is indicating 
by the hammer, above which is the conspicuous ‘‘mottled zone,”’ 
and above this zone is the Springfield dolomite. 

In the foregoing section the Laurel limestone is called the “‘ blue 
building stone’ by the quarrymen and comprises Zones 12 and 13 
with a thickness of about 10 feet 2 inches. A section at a different 
part of the southern quarry wall gave a thickness of 9 feet 10 
inches. It is well shown in the picture of the southern wall of this 
quarry (Fig. 2) where Mr. Cottingham is marking its top with the 
hammer. Samples of the Laurel limestone from the southern wall 
of this quarry were analyzed by Professor Demorest with the 
following result: 


Silicious Residue FeO, and AI.O; CaCO, MgCO, 





8.85 1.20 56.00 32.21 


The massive ‘‘mottled zone,” with a thickness of 4 feet 1 inch, 
immediately above the Laurel limestone, is also well shown in 
Fig. 2. Samples from this zone in the southern wall of the quarry 
were also analyzed by Professor Demorest with the following 


result: 
Silicious Residue | Fe:O,; and Al,O. CaCO, MgCO, 
2.54 75 54.12 42.13 
2.55 0.80 54.12 42.31 


The following analysis by Professor Demorest of samples of 
the West Union limestone from Sproull Ravine, about 13 miles 
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1 


northeast of Duncanville and 7} miles northeast of West Union, 
Adams County, is given for comparison with that of the ‘mottled 


zone:”’ 


| 
SiO, FeO; and ALA, | CaCO, MgCO, 
| 








20. 24 4.05 | 44.67 29.14 


It will be seen from these analyses that the West Union is a 
much more silicious rock than the “mottled zone” and that the 
latter is a dolomite. It is to be noted that the chemical composi- 
tion and lithologic character of the “mottled zone” differ consider- 
ably from those of the West Union limestone in its typical region. 

The rock between the first and second cap rocks of the quarry- 
men is called by them the “buff building stone” and corresponds 
to Zones 15 and 16 of the last-given section, all of which evidently 
belongs in the Springfield dolomite. 

All the rock above the shale zone (No. 11) of the Osgood beds 
is quarried and crushed for concrete and road material. The fine 
rock, which the men call ‘‘sand,’”’ binds well on the roads, and it was 
stated that the entire product of the quarry for 1914 was used on 
the Ohio roads by the State Highway Commissioner. 

Dr. Foerste some years ago published a brief description of the 
Weaver quarries, located on the northern side of Twin Creek, oppo- 
site the eastern part of the Lewisburg Stone Co. quarry.’ Recently 
Professor Bownocker has published a section of the Lewisburg 
quarry in which the upper limestone of the Osgood beds with a 
thickness of 9 feet 11 inches corresponds to the Laurel limestone of 
the last-given section.? The 3 feet of blue clay beneath is the 
Osgood shale and the subjacent 10 feet of “blue-gray limestone” 
the Dayton. The “West Union limestone,” 4} feet thick,’ corre- 
sponds to the “mottled zone” of the last-given section, overlying 
which is the Springfield with a thickness of 8 feet and then the 
Cedarville which forms the highest part of the quarry. Apparently 
the line of division between the Springfield and Cedarville dolomites 

* Journal of the Cincinnati Society of Natural History, XVIII (1896), 183, 184. 

* Geological Survey of Ohio, 4th Ser., Bull. 18 (1915), p. 40. 


3 Tbid., Pp. 39. 
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is drawn at the same horizon as the top of Zone 16 in the writer's 
section, which gives a thickness of 8 feet 7 inches for the Spring- 
field or 8 feet as measured by Professor Bownocker. 


SECTION NEAR LAUREL, INDIANA 

In the foregoing sections the correlation of the terranes referred 
to the Osgood beds and the Laurel limestone, both of which were 
named by Dr. Foerste,’ was decided upon after visiting Laurel, 
Indiana, and studying some of his sections in that typical region. 
A section at one of these localities, in a somewhat condensed form, 
is given below. The section is on the bank of a stream at a locality 
known as Derbyshire Falls, on the C. J. Valkenburg farm, nearly 
3 miles southwest of Laurel and some 47 miles southwest of the 
Lewisburg Stone Co. quarry. A section of the Laurel limestone, 
Osgood beds, and Clinton limestone measured at this locality and 
the Lower Derbyshire Falls was published by Dr. Foerste in 1808.’ 
The measurements in the following section are those of the writer 
and his assistant, Mr. Kenneth Cottingham; but the classification 
is in accordance with that of Dr. Foerste, except where differences 
are noted: 

DERBYSHIRE FALLS SECTION 

TOTAL 
THICKNESS 


No Feet Inches Feet Inches 
8. Laurel limestone.—This limestone is shown in 


THICKNESS 


the old quarry just across the quarry road to 
the south of Derbyshire Falls and this zone 
extends to the top of the quarry wall. It is 
light gray, as weathered, rather thin-bedded, 
the layers varying from 2 to 8 inches in thick- 
ness. There are also at least 3 chert layers 


ranging from 1 to 3 inches in thickness. 4 ” 52 ° 


/ 


* Osgood beds: Indiana De partment of Geology and Natural Resources, 21st Annual 
Report (1897), pp. 217, 227-29. 

Laurel limestone: Journal of the Cincinnati Society of Natural History, XVIII 
(February, 1896), pp. 190, 191, and Indiana Department of Geology and Natural 
Resources, 21st Annual Report (1897), pp. 217, 230, 231. 

2 Indiana Department of Geology and Natural Resources, 22d Annual Re port (1898), 
PP. 244, 245 {n illustration of Derbyshire Falls is given on Pl. XVI, which faces 
Pp. 244 














THE NIAGARAN FORMATIONS OF WESTERN OHIO 363 


r’s TancKMEss a 
No Feet Inches Feet Inches 
is 17. Thicker layers of compact limestone, light gray 
to buff, when weathered, with shaly partings. 
The majority of the layers are perhaps 3 to 5 
inches in thickness; but there are thicker ones 
ed which apparently range from 8 to 14 inches. 
re _No chert was noticed in this zone 5 3 47 5 
>| 16. ?Top of Osgood beds.—Buff, compact, 8-inch 
layer at top of ledge on south side of falls, which 
- is apparently the one across the quarry road in 
n, the base of the old quarry at the spring. The 
ry top of this layer is apparently the horizon where 
ly Dr. Foerste has drawn the line of separation be- 
‘a tween the Osgood beds and Laurel limestone. 
. Lithologic characters, however, in the vicinity 
of Laurel would apparently favor classing it 
d with the Laurel limestone 8 42 2 
15. Blue, argillaceous, soft shale or clay. This is 
r the blue-clay stratum of Dr. Foerste I 6 41 6 
n 14. Shaly, light-gray limestone 4 40 ° 
. 13. Light-gray, compact, even-bedded limestone; 


some of the bedding planes rather rough. The 

layers vary in thickness from 5 to 9 inches, and 

perhaps the majority of them average about 8 

inches. This is the Lower Quarry or Osgood 

rock of Dr. Foerste, and is apparently the con- 

tinuation of the Dayton limestone in Indiana 6 4 39 8 
12. Brassfield limestone.—Light-gray, crystalline 

limestone. Apparently the upper foot and 3 

inches of this zone was regarded by Dr. Foerste 

as a “doubtful horizon: White Clinton or base 

of Niagara rock”’ a : eed 2 3 33 4 
11. Crystalline gray to pinkish limestone. It is 

very irregularly bedded and contains pyrite, so 

that it is frequently rusty colored on the 

weathered surface. Dr. Foerste’s section re- 


ports “Clinton; 7 feet 6 inches; reddish” 6 7 31 I 
10. Richmond formation.—Light-gray, impure lime- 
stone with portions that are darker colored. .. I 6 24 6 


9. Gray, impure limestone, the upper layer a foot 
thick separated by a shaly parting from a lower 
layer of similar limestone, 1 foot 3 inches thick 
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THICKNESS Tuscapess 
No Feet Inches Feet Inch 
8. One layer of gray, massive, impure limestone. 
No fossils seen 4 ° 20 9 
7. Layer similar to one above 2 2 16 9 
6. Massive, light-gray layer with dark-gray spots. 
No fossils noted 3 ° 14 7 
5. Shale parting I II 7 
4. Grayish, somewhat crystalline, limestone which 
tends to split into thinner layers 9 II 6 
3. Bluish shales alternating with gray, fossilifer- 
ous limestone 2 3 10 9 
2. Grayish, somewhat crystalline, limestone, hard 
and very fossiliferous 5 4 8 6 
1. Grayish to bluish shales which are not very 
fossiliferous. Foot of falls 3 2 3 2 


In the foregoing section Zones 11 and 12, with a thickness of 
8 feet 10 inches, have been classed together and considered the 
western continuation of the Brassfield limestone of Ohio. Zones 13 
and 14 of light-gray limestone with a thickness of 6 feet 8 inches 
are considered the western continuation of the Dayton limestone 
of Ohio. Dr. Foerste has stated that “in Ohio Pentamerus oblongus 
occurs in the Dayton limestone, equivalent to the base of the 
Osgood bed.’’* The soft blue shale or clay of Zone 15 is believed 
to correspond to the blue shale of Zone 11 in the Lewisburg Stone 
Co. quarry and the shale at the same horizon in the various quarries 
along the Stillwater River. As stated above in the description of 
the section, the lithologic break occurs at the top of this shale, 
which appears to the writer from the sections which he has studied 
to be the horizon where he would draw the line of division between 
the Osgood beds and Laurel limestone. If the 8-inch layer of 
compact, buff limestone (No. 16) immediately above the soft blue 
shale zone be classed with the Laurel limestone, then 10} feet of 
it are shown in the wall of the old quarry on the bank above and 
south of the falls. It is believed to be the eastern continuation 
of this limestone which makes Zones 12 and 13 with a thickness 
of 1o feet 2 inches in the Lewisburg Stone Co. quarry and the 


tmerican Journal of Science, 4th Ser., XVIII (1904), 341 
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limestone which has been called the Laurel in the sections farther 
east along the Stillwater River. 

Samples of the Laurel limestone were collected at the quarry 
above Derbyshire Falls and analyzed by Professor Demorest with 


the following result: 


SiO. Fe.O; and ALO, CaCO, MgCO, 


17.34 1.00 47.89 31.54 


This analysis shows that the Laurel limestone at Derbyshire Falls 
is a more silicious one than that at the Lewisburg Stone Co. quarry, 
which contains but 8.85 of silicious residue. On the other hand, 
the Lewisburg stone contains a larger percentage of CaCO,, where 
it amounts to 56 per cent of the rock; the other constituents at the 
two localities do not differ to any marked degree. 
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INTRODUCTION 


LYMAN SCHISTS OF NEW HAMPSHIRE 





During the summers of 1911 and 1912, through the generosity 
of Mr. R. W. Sayles, I made a geological investigation of part of 
the townships of Littleton, Lisbon, Lyman, Bethlehem, Bath, and 
Landaff, in New Hampshire. In the fifteen weeks devoted to this 


work about 250 square miles were examined. The results that have 


been published’ have reference to an area of only eight or nine 


square miles (Fig. 1), in the study of which three of the fifteen 


F. H. Lahee, “Geology of the New Fossiliferous Horizon and the Underlying 


Rocks, in Littleton, New Hampshire,” Am. Jour. Sci. (4), XXXVI (1913), 231-50 
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weeks were consumed. The survey of the rest of the area amounted 
to a reconnaissance of intricately metamorphosed schists, regarding 
which final conclusions were deferred until more could be learned. 
Having had opportunity to revisit some parts of the field where the 
‘‘Lyman schists” are exposed and having examined a suite of thin 
sections of these schists, I submit the present paper as a second 
chapter on the geology of the “‘Ammonoosuc District.” 








Tso 





Fic. 1.—Index map of the localities mentioned in the text. The shaded rec 
tangular area is the strip of country described in the article on the Littleton 
ssiliferous horizon. 1, Blueberry Mountain. 2, Bald Hill. 3, Young’s Pond. 
1, Partridge Lake. 5, Parker Hill. 6, the “Parker Hill locality.” 7, Lyman village. 
8, Black Mountain. 9, the “ Black Mountain locality.”” 10, Mormon Hill. 11, Lit- 
tleton. 12, Lisbon. Only a few roads are drawn 


I am happy to express my gratitude to Mr. W. L. Whitehead, 
a candidate for the doctorate of science in geology at the Institute, 
for making the accompanying microphotographs, and to Mr. 
Sayles for the use of Figs. 2 and 15. 

SUMMARY 

1. The term “Lyman schists” was applied by Hitchcock to 
a group of schists many of which are characteristically whitish on 
their weathered surfaces. 
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2. These Lyman schists are broadly exposed in the area north- 
west of the Blueberry Mountain—Bald Hill range and its south- 
westward extension. 


3. Hitherto the Lyman series has been regarded as a group 
of metamorphosed sedimentary rocks. 

4. Field evidence, megascopic examination of hand specimens, 
and microscopic examination of thin sections indicate that the 
Lyman series contains interbedded members which appear to be 
of volcanic origin. 

5. These metamorphosed volcanic rocks include, among others, 
species related to the quartz keratophyres and the keratophyres, 
and probably also tuffs and agglomerates of similar composition. 

6. It seems more reasonable to attribute the origin of the coarse 
conglomerate schist near Young’s Pond, Lyman, to vulcanism 
than to glaciation. 

7. The association of acidic effusives with the Paleozoic rocks 
east of the main Appalachian protaxis is not exceptional for New 
Hampshire. Such effusives are found in Maine, in the Maritime 
Provinces of Canada, and in the Piedmont Plateau of our middle 
and southern Atlantic border states. 


THE LISBON AND LYMAN SERIES 


On the northwestern side of the Blueberry Mountain formation‘ 
are highly metamorphosed greenish and whitish schists which out- 
crop over many square miles. The greenish varieties are often 
chloritic. They and certain other associated rocks were called 
by Hitchcock the “Lisbon group.’ The whitish schists belong 
to his “Lyman group.” In his earlier reports he relegated these 
two formations to the Huronian,’? the Lyman group being con- 
sidered the younger member; but subsequently he referred them 
to the Cambrian or to the Ordovician,’ and concluded that “the 
Lyman schists . . . . do not represent a stratigraphical terrane”’; 
the term “‘is a petrographical designation.’” 

*F. H. Lahee, op. cit 

? C. H. Hitchcock, Geology of New Hampshire (1877), I, 277. 

’ Ibid.; Geology of Littleton, New Hampshire, reprint from the History of Littleton 
(1905), pp. II, 29. 

4 Ibid., p. 31. 


























THE LYMAN SCHISTS OF NEW HAMPSHIRE 369 


GENERAL DISTRIBUTION OF THE LYMAN SERIES 


No attempt will be made here to mark out the exact distri- 
bution of this series. It is exposed over broad areas west of the 
Blueberry Mountain Siluro-Devonian belt and it may be related 
to schists on the east of this belt. The principal localities (Fig. 1) 
to which reference will be made in the sequel are Mormon Hill, 
the valley just northwest of Young’s Pond, and Parker Hill. 
Lyman schists are also exposed on the hill- southwest of Young’s 
Pond, on the lower eastern slope of Black Mountain, near Partridge 
Lake, and elsewhere in the broad valley between Gardner Mountain 
and the Mormon Hill-Parker Hill range. In all these places the 
group has a breadth of outcrop of several hundred feet, the rocks 
are schistose, the strikes are roughly northeast-southwest, and the 
cleavage and the bedding (where visible) have steep dips. 


FIELD RELATIONS AND MEGASCOPIC DESCRIPTIONS OF THE 
LYMAN SERIES 

The Young’s Pond locality—Near a small schoolhouse about 
one-third of a mile northwest of Young’s Pond is a large outcrop 
of a conglomeratic schist which we used to speak of as the “school- 
house conglomerate” (Fig. 2). It is the rock which Mr. Sayles 
has recently described as possibly being a tillite." This conglom- 
erate schist appears to rest unconformably upon a whitish or light- 
grayish porphyritic sericite schist. The contact, which is very 
irregular, runs northeast-southwest and may be seen not only near 
the schoolhouse, but also, a few hundred feet southwest, near the 
brook that flows into Young’s Pond. The conglomerate schist fs 
on the northwest, the porphyry schist on the southeast, of this con- 
tact. The conglomerate schist is between 300 and 400 feet wide 
across the strike, and the porphyry schist is between 150 and 250 
feet wide. This statement should not be understood to imply 
that these rocks have no variation across their outcrop belts. 
There is evidence that the porphyry is interrupted at least at one 
horizon by a bed of fine conglomerate schist. 

West of the “‘schoolhouse conglomerate” is a series of whitish 
rocks including fine, non-porphyritic schists, fine porphyritic 


* R. W. Sayles, “Tillite in New Hampshire,” Science, N.S., XLI (1915), 220. 
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schists, fine conglomerate schists in which the pebbles and paste 

are of similar whitish materials and the pebbles are much sheared, 

and schists of the texture of medium sandstones. The last- 

mentioned material and some of the finer conglomerate schists 

looked so much like altered pyroclastics that they were called 

tuffs in the field. (See description of the Parker Hill white schist, 

below.) All these rocks are exposed more than once across the 
strike. 

The porphyry schist that underlies the “schoolhouse con 

glomerate’’ has an exceedingly fine groundmass, which is sericitic 

and in places rich in 

chlorite. The pheno 

crysts, ranging up to 

nearly $ inch in diam 

eter, but averaging 

i" inch, are of 

quartz and plagio- 

clase. They are uni- 

formly distributed 

and constitute about 

Fic. 2.—Lyman (‘‘schoolhouse’’) conglomerate, half of the rock. The 

cdged with black enamel, are of the fin drab schist, qUAttzhas a very high 


Photograph by Mr. Sayles luster, is somewhat 


bluish and very trans- 


parent, and has tendency to break with a rude cleavage. The 
plagioclase is so fresh that the striations are distinct and the frac 


ture surfaces are brightly reflecting. The shearing of the rock 
seems to have been localized in the groundmass. Within its own 
mass this schist has no bedding. 

The conglomerate schist (‘‘schoolhouse conglomerate’’), also, 
is quite devoid of bedding. It contains many large and small 
fragments of the porphyry schist, together with pieces of other 
whitish rocks of the Lyman series, and masses of rust-brown, 
smooth-looking schist, which are conspicuously darker than the 
Lyman varieties. All the pebbles have been more or less sheared 
and in such a way that their longest axes are parallel with the 
dip of the cleavage. Some seem to have been roundish, but more 
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often they were obviously angular. Naturally the shearing has 
increased the irregularity of their shapes. 

The quartz-plagioclase porphyry pebbles have been deformed 
less than the other varieties. Their average dimensions may be 
expressed by the ratio 2:1.25:1. They range up to two feet in 
length. 

The dark fragments, mentioned above, are often drab-colored 
on the weathered surface, but dark-greenish when fresh. As will 
be explained presently, they are chlorite and actinolite schists. 
They are of medium fine grain and of uniform texture, they are 
markedly sheared, and their shape is very irregular, even jagged. 
Some were found to be ro or 12 feet long and only 1 or 2 feet wide. 
Others are less elongate (Fig. 2). 

As compared with the pebbles, the paste of this conglomerate 
schist is in relatively small amount. Nor does it seem to have 
been derived from an argillitic substance. It looks rather as if 
it had been fine clastic débris, of texture ranging from fine sand- 
stone to fine conglomerate, derived from the same sources whence 
came the larger pebbles. Its appearance is that of metamorphosed 
tufaceous material. Partly on account of the metamorphism and 
partly because of similarity of character, the paste is not sharply 
defined from the pebbles. On fresh surfaces of the rock the pebbles 
are distinguished with difficulty, and even on weathered exposures, 
where the psephitic structure is best brought out, the details are 
blurred. 

The Mormon Hill locality—On a traverse across the strikes 
on Mormon Hill, one passes over a series of schists much like those 
near Young’s Pond. They are porphyries, tuff-like clastic rocks, 
and fine and coarse psephites, all sheared. They dip steeply north- 
west. In one place obscure cross-bedding indicated that the 
stratigraphic sequence was younger westward; and in another 
locality the same fact was shown by an unconformable contact 
between tuff-like schist on the southeast and conglomerate schist 
on the northwest. The series was roughly measured as having 
a breadth of outcrop of 800 feet. 

The porphyry schist of this region differs from that near Young’s 
Its phenocrysts are all of 


Pond in lacking quartz phenocrysts. 






































Fic. 3. 


mass. 


stitutes a 


are both 


phyllitic. 


plagioclase. 


Enlarged 16 





Rounded plagioclase 


phenocryst surrounded by ground 


The large white areas are due to 
imperfections on the negative. 


matrix in 


large and small irregular blocks and strips 


medium sandstone. 


abundant 


particles of quartz and feldspar, together 
with secondary mica. 
Some specimens of it have mi- 
nute phenocrysts in a still finer groundmass. 
MICROSCOPIC 

Porphyry schist of the Young’s Pond locality. 
the porphyry schist from near the schoolhouse northwest of Young’s 
Pond show a nearly uniform groundmass. 
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diameters. 


which are scattered F 


Quartz and feldspar 
and 


Otherwise, in respect to size, abundance, and arrange- 
ment of phenocrysts and characters of the groundmass, it is mega- 
scopically like the type above described. 

The coarse psephitic rocks here contain fragments of whitish 
and drab schists, as at Young’s Pond. 


The Parker Hill locality.—Por- 
phyry schists, tuff-like schists, and 
psephite schists are here exposed in 
a belt 
The porphyry schists are finer than 
the Young’s Pond type. Along the 


several hundred feet wide 


road that crosses Parker Hill between 
Lisbon and Lyman villages exposures 
near the top of the hill exhibit curi- 
ous relations. A dark-gray schist 
(called hereafter the Parker Hill dark 
schist) is associated with a whitish 
rock of the Lyman series. The latter, 
which will be called the Parker Hill 
white schist, in several outcrops, con- 


of the dark schist, many being greatly con- iH 

torted. ‘The phenomenon resembles intra- 
formational pebbles in clastic material. \ 
The white schist is of the texture of a ‘ i 


the interstices 


between the larger grains are filled with finer 


Fic. 4.—Broken quartz 
eas ‘ f phenocryst. The curving 
The dark schist is lines indicate the arrange- 
ment of laths. En- 


larged 16 diameters. 


mica 
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smaller phenocrysts are thirty or forty times those of the larger 
groundmass grains and there is no gradation between the two 
Fig. 3). 

Clear, but with a few vacuoles, the quartz phenocrysts display 
only slight crushing, and this is mostly peripheral (Figs. 4-7). 
[heir corners have been rounded. Several individuals are invaded 
by long narrow bays of the groundmass (Figs. 5 and 8). It is 
worth while noting that, although the outer borders of these pheno- 
crysts are jagged on account of granulation 
and penetration by mica laths, the edges of 
the embayments are clean-cut and smoothly ad 
curving. 





a m wy Q 
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Fic. 5 Fic. ¢ Fic. 7 Fic. 8 


Fic. 5.—Quartz phenocryst with edges serrate on account of marginal granu- 
lation and penetration by mica laths. Note smooth outline of the embayment (a). 
Enlarged 26 diameters. 

Fic. 6.—Detail of outer edge of the quartz phenocryst represented in Fig. 5. 
The shaded area is quartz (Q). The small laths are mica (M). 

Fic. 7.—Quartz phenocryst showing terminal granulation at pole of minimum 
compression (c). a-b is the edge of the thin section. Enlarged 20 diameters. 

Fic. 8.—Part of a large quartz phenocryst. The border zone, a-), is a granu- 
lated portion of the phenocryst. Outside this zone is the much finer, uniform ground- 
mass (not figured). Several embayments of the groundmass are shown, one cut 
longitudinally (c), and the others intersected transversely at various angles. Note 
regular outlines of these embayments as compared with the jagged border of the grain 
as a whole. The figure is drawn from a microphotograph, but not with absolute 
precision in the finer details. Enlarged 16 diameters. 


Like the quartz, the plagioclase phenocrysts are not severely 
crushed (Fig.9). The angle of extinction on sections approximately 
perpendicular to the albite twinning varied between 13° and 17°. 
This and the fact that the index of refraction was always lower than 
that of balsam indicate that the mineral is albite. Some grains 
have very good crystal outlines (Fig. 10), but as a rule they have 
had their corners more or less rounded (Fig. 3). 
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As for the groundmass, it consists of abundant quartz and 
chlorite, with some sericite and feldspar. It is so fine that micro- 
scopic discrimination between quartz and feldspar is almost 
impossible. Both chlorite and sericite show some tendency to 
parallel arrangement. The chlorite is likely to occur in larger flakes 
in the lee of the phenocrysts and in 
the quartz embayments—in other 
words, where there was some protec- 
tion from the shearing stress, such 
as it was. Neither quartz nor feld- 
spar phenocrysts contain scattered 
inclusions of the groundmass. 

The porphyry from the channel 
of the brook running into Young’s 
Pond is somewhat more sheared than 





Fic. 9.—A plagioclase pheno- that from the schoolhouse ledge. The 
eryst showing the bundles of seri- quyartz and feldspar phenocrysts are 
cite laths that wrap round it ° : 

: more strained and granulated, and in 
the poles of maximum compression 
Enlarged 11 diameters some places the broken fragments 

are separated by a strip having cata- 
clastic structure (Fig. 11). Sericite is more 
abundant and has better orientation. It is 
often thickly plastered against the pheno- 
crysts about which it wraps at the poles of 





maximum compression (Fig. 9). In other 
respects this schist is similar to the less meta- Fic. 10.—Plagioclase 
morphosed specimens. phenocryst with zonal 


Pebbles of the conglomerate schist of the ‘ttucture and crystal 
Young's Pond locality.—Pebbles of the por- oe ees Pig droid 
phyry schist are identical with the bedrock jis somewhat decayed. 
of thesame. They need no further descrip- Enlarged 32 diameters. 
tion here. 

The dark masses which have been mentioned as greenish when 
fresh, but drab when weathered, are of peculiar interest, since 
they have been regarded as highly metamorphosed blocks of argil- 
lite. They have been compared with the slate blocks in the Squan- 
tum tillite." Thin sections were prepared from several fragments 
R. W. Sayles, op. cit. 
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‘schoolhouse conglomerate.”’ 


Microscopic examination revealed two distinct varieties. One is 
composed largely of zoisite and bundles of parallel actinolite needles, 
with some chlorite and titanite and a 


phyritic, 
plagioclase (Fig. 12). 
been bent, sliced, or granulated by 
the shearing. The white mica is 


little plagioclase. The other is rich in 
chlorite, plagioclase, and zoisite, and 
contains titanite and a little epidote 
and sericite. This schist is finely por- 


the phenocrysts being of 
Many have 


fairly well oriented and, together 


Fic. 11.—“Torn” plagioclase With the other minerals, is inclosed 


phenocryst. The large dark area jn an irregular background or net- 


in the middle of the photograph 
; about one-third of the entire 
rystal, the other two-thirds being 


work of 


chlorite. There are some 


chlorite aggregates which look as if 


below the picture. The irregular they had formed from a mineral that 


} 


ywer edge is the “torn” end. 
Enlarged 20 diameters. 


With reference to the origin of 
these rocks, it would seem as if 
their source was most probably igne- 
ous. Some of them might have been 
derived from sedimentary products of 
incomplete decomposition, but they 
can hardly have come from normal 
argillitic material. 

Parker Hill white schist—The 
whitish schist that contains the dark 
phyllitic fragments is composed prin- 
cipally of quartz and orthoclase in 
nearly equal proportions, somewhat 
less plagioclase, and some chlorite and 


was once present as phenocrysts. No 
quartz is recognizable in either rock. 





Fic. 12.—Section of a pebble of 


fine porphyry schist from the 
“schoolhouse conglomerate” at 
the Black Mountain locality. 
Enlarged 16 diameters. 


sericite. The particles of quartz and feldspar have every gradation 


in size from the largest to the smallest (Fig. 13). There is relatively 


little matrix, the larger grains being so numerous that they nearly, 
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if they do not quite, touch one another. Many of the grains are an 


gular; none is conspicuously rounded, and they do not seem to have 
been rounded before metamorphism. Of the two minerals, sericite 
and chlorite, the latter is most plentiful. The chlorite is least likely 





Fic. 13.—Section of a typical Fic. 14.—Section of a por- 
psammitic member of the Lyman phyritic pebble of the “Parker 
series. Enlarged 12 diameters. Hill dark schist.” Enlarged 15 

diameters. 


to have parallel orientation. Another specimen from farther north- 
east near this horizon exhibited similar characters in thin section. 

Parker Hill dark 
schist.—The specimen 
from which the sec- 
tion was cut was ob- 
tained northeast of 
Parker Hill along the 
strike of the rock ex- 
posed in the Lisbon- 


Lyman road, and it is 





thought to belong to 


Fic. 15.—Part of the “‘egg conglomerate” where 


the same horizon. ~ oe 
the majority of the pebbles are angular and subangular. 


The phyllite is a small Photograph by R. W. Sayles. 
angular fragment ina 

whitish clastic matrix of the kind just described. It is porphyritic 
(Fig. 14), having small phenocrysts (0. 13-1.0 mm.) of plagioclase, 
often with well-preserved crystal form, distributed in a very fine 


groundmass of plagioclase and chlorite. The phenocrysts do not 
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contain inclusions of the groundmass. This rock is remarkably 
like a pebble taken from a conglomerate which Hitchcock’ called 
‘egg conglomerate” (see Fig. 15), a pebble which would be 


‘ 


the 
called a felsitic rock without hesitation. 


GENERAL CONCLUSIONS ON THE ORIGIN OF THE LYMAN SCHISTS 


Among the characters described in the foregoing paragraphs 
many are of such a nature as to suggest that at least some members 
of the Lyman schist group are igneous rocks—probably volcanic 
more or less modified by dynamic metamorphism. For the sake 
of clearness and emphasis, the significant facts which lead to this 
conclusion are reviewed below in summary form for three typical 
rocks. 

Porphyry schist of the Young’s Pond locality—The quartz- 
plagioclase porphyry schist which has been described from the 
Young’s Pond locality is assumed to have been an effusive rock 
for the following reasons: 

1. It has a strong resemblance to the quartz porphyry type of 
igneous rock. 

2. It is massive, without bedding. 

3. Locally it has faint indications of flow structure. 

4. The phenocrysts are rather uniformly distributed through 
the groundmass. 

5. The quartz phenocrysts have high luster and high trans- 
parency, a faint bluish opalescence, and a tendency toward 
cleavage,.all these being features not uncommon in true quartz 
porphyries. 

6. Some of the feldspar phenocrysts have crystal form. 

7. There is a great difference between the size of the smaller 
phenocrysts and that of the larger groundmass particles. 

8. Many quartz phenocrysts and some feldspar phenocrysts 
contain embayments of the groundmass, these embayments having 

tC. H. Hitchcock, Geology of New Hampshire (1877), Il, 333. This “egg con- 
glomerate” is exposed on the northwest slope of Blueberry Mountain and may grade 
laterally into the Fitch Hill arkose. Most of its pebbles are of quartz porphyry, 
quartz keratophyre, granophyre, devitrified rhyolite, and other felsitic types. The 
great preponderance of effusive rocks among the pebbles is to be noted for comparison 


with the Lyman series. 
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regular curving edges evidently due to magmatic corrosion and not 
to subsequent localized granulation or recrystallization. 

g. Some feldspar phenocrysts have zonal structure parallel to 
the outlines of the corrosion inserts of the groundmass (Fig. 10). 

10. Both quartz and feldspar phenocrysts, and even those 
feldspar crystals which have zonal ‘structure, are quite free from 
the type of inclusion of the groundmass which is so common in 
many metacrysts. 

11. Although two or three feldspar crystals are sometimes 
attached as if they had grown so (Fig. 16), quartz and feldspar 

never occur thus together. *If the materials of 

a) the schist were derived from the breaking up 

gl of a granitoid rock, small pebbles composed of 
DP both quartz and feldspar would be expected. 

Fic. 16.—Two 12. All, or nearly all, of the feldspar pheno- 
attached plagioclase crysts are albite. A clastic rock would be likely 
individuals which tg contain several species of fragmental feldspar, 
Mei "' fico for there are plenty of rocks in this region which 
Sete have orthoclase, microcline, microperthite, micro- 

pegmatite, etc., among their constituents. 

13. The abundance of albite in this rock suggests that the 
content of Na may be abnormally high for an argillitic sediment. 
However, I have not analyzed the rock chemically, and the Rosiwal 
method would be unsatisfactory on account of the difficulty of 
determining the particles of the groundmass. 

14. The preponderance of easily recognized pebbles of felsitic 


rocks in the “egg conglomerate”’ proves that acidic effusive rocks 
may be expected in the region. 

If, then, we grant that the quartz-plagioclase porphyry schist 
is effusive, its composition places it in the class of quartz kera- 
tophyres, and the similar quartzless rock of Mormon Hill belongs 
to the keratophyres. 

Parker Hill white schist.—This is taken as representative of the 
“tuff-like schists’’ of the Lyman group. It is undoubtedly a 
metamorphosed clastic as is demonstrated by the following facts: 

1. Megascopically and microscopically it has a distinctly frag- 
mental aspect. 
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2. Locally it contains angular blocks and sometimes isolated 
pebbles. 

3. It grades into the fine variety of Lyman conglomerate schist. 

4. It tas obscure bedding (layers differing in texture) in some 
places. 

5. There are all gradations in size between its largest and small- 
est particles. 

6. There is a relatively small proportion of small grains as 
compared with the porphyry schist. 

This Parker Hill white schist certainly was never a normal 
clastic in the ordinary sense of the term. It might be called an 
arkose schist on account of its having abundant clastic feldspar. 
However, its more or less intimate association with effusive rocks, 
the presence in it of the constitutents of the porphyry schists, both 
as small particles (quartz and albite grains, etc.) and as larger 
fragments (some whitish like the Lyman schists and some dark 
like the Parker Hill dark schist), and the observed gradations 
between it and the fine Lyman conglomerate schist which is com- 
posed chiefly of sheared pebbles of felsitic nature—these facts 
induce me to classify the rock as a metamorphosed tuff. 

Conglomerate schist of the Young’s Pond locality—There is no 
doubt that this ‘‘schoolhouse conglomerate”’ looks very much like 
a glacial deposit, as stated by Hitchcock’ and recently by Sayles; 
but if the accepted criteria for till ever did exist here, they have 
been entirely destroyed by metamorphism. For this reason it is 
futile to look for signs of glacial abrasion on an underlying rock 
pavement. The weakness of the evidence for glacial origin was 
fully appreciated by Mr. Sayles, and I may add that evidence 
against such glacial origin is almost, if not quite, as inconclusive. 
However, one should bear in mind that great variation in size of 
constituent fragments and absence of bedding are characters shared 
by talus, landslide débris, pyroclastic materials, and not infre- 
quently even by river-laid alluvial cone deposits. Is it not more 
probable that the “‘schoolhouse conglomerate,”’ being closely asso- 
ciated with an effusive rock (quartz-plagioclase porphyry schist), 

t C. H. Hitchcock, ‘“‘ New Studies in the Ammonoosuc District of New Hampshire,”’ 
Bull. Geol. Soc. Am., XV (1904), 472, and Geology of New Hampshire (1877), II, 302. 
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having a large proportion of its pebbles and bowlders consisting 
of effusive rocks, and having a paste which resembles the Parker 
Hill white schist (cf. above), is a coarse pyroclastic, an agglomer- 
ate, rather than a tillite ? 

It is important to note that both Hitchcock and Hawes" main 
tained that rocks of the Lyman group were the outcome of the 
metamorphism of sediments. Neither of these geologists held 
the view that these schists were of volcanic origin, yet both were 
struck by the resemblance between some members of the series 
and ordinary felsite. 


STRUCTURAL RELATIONS OF THE LYMAN SERIES 


The structural relations, and therefore the age, of the Lyman 
schists still remain obscure. These rocks are surely not younger 





than Devonian, and they may be older, as has been stated by 
Hitchcock. In several places on the Parker Hill-Mormon Hill 
range stratigraphic structures point to an anticlinal axis eastward. 
If this is so, since the Blueberry Mountain—Bald Hill range is 
regarded as synclinal, the intervening valley is anticlinal. Again, 
if this is so, it becomes necessary to explain the lack of correlation 
between the Lyman schists on the western range and the marine 
argillites and sandstones of the eastern range. Unconformity or 
extensive faulting may be the cause. At present I do not feel 
justified in discussing this subject further. More time should be 
given to field investigation. The region offers ample opportunity 
for research in petrology and in structural geology. 

ACIDIC EFFUSIVE ROCKS EAST OF THE APPALACHIAN PROTAXIS 

South of the latitude of New York City the Appalachian 
Mountains are flanked on the east by the Piedmont Plateau. 
North of the same latitude, the New England Province corresponds 
to the Plateau. Both regions are underlain by plutonic rocks and 
folded, sheared, sedimentary rocks, chiefly of Paleozoic and pre- 
Cambrian age. With extended study of these complex rocks two 
results stand out conspicuously: an increasing number of meta- 

*C. H. Hitchcock, Bull. Geol. Soc. Am., XV (1904), 468, 469; and G. W. 


Hawes, “Mineralogy and Lithology of New Hampshire,” p. 176, in Hitchcock’s 
Geology of New Hampshire, 111 (1878). 
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morphosed rocks is being transferred from the pre-Cambrain to 
the Paleozoic, and the origin of the schists is found to be more 
diverse than was at first conceded. It is in line with these results 
that the variety and distribution of effusive rocks, both flows and 
pyroclastics, interbedded with the schistose Paleozoic sediments, 
are being expanded as investigation proceeds. In a paper written 
in 1894, G. H. Williams called attention to this fact." He briefly 
described the following localities in eastern North America, where 
volcanic rocks were known at that time: Newfoundland, Nova 
Scotia, New Brunswick, that part of the province of Quebec lying 
west of Maine and north of Vermont and New Hampshire, Maine, 
Massachusetts, Pennsylvania, Maryland, Virginia, and the Caro- 
linas. To this list it is probable that Rhode Island and New 
Hampshire may now be added. Williams mentioned New Hamp- 
shire in his text, but did not show any volcanic rocks in this state 
on his map. He observed that “in New Hampshire felsites and 
quartz-porphyries abound. They were regarded as eruptive by 
Hitchcock and by Hawes when they occur in dykes, although the 
latter regarded many of them, especially when interstratified, as 
sediments fused in situ.’ This paper by Williams contains numer- 
ous references. A list of more recent articles on the subject is given 
by J. E. Pogue, Jr., in his ‘Geology and Structure of the Ancient 


Volcanic Rocks of Davidson County, North Carolina.’” 


“Distribution of Ancient Volcanic Rocks along the Eastern Border of North 
\merica,” Jour. Geol., II (1894), 1-31. 
Op. cil., p. 24. 


im. Jour. Sci. (4), XXVIII (1909), 218-38. 
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OF GRANITE 
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Washington University, St. Louis, Missouri 


INTRODUCTION 
THREE PERIODS OF DISINTEGRATION IN THE ASWAN DISTRICT 
THE RATE OF THE DISINTEGRATION OF THE GRANITE 

At Aswan 

At Luxor and Gizeh 
THE CAUSES OF THE DISINTEGRATION 

The Conventional Explanation 

Inadequacy of This Explanation in the Case of, the Disintegration in 

Egypt 
Moisture and the Disintegration 
Agreement of the Observations in Egypt with Those Made in Europe 
and in the Eastern United States 
INTRODUCTION 

The disintegration of the granite in Egypt has been treated 
in a general way by Walther in his discussions of disintegration 
in desert regions. It has been commented on by Ball and others. 
The disintegration of the New York obelisk, composed of the 
Syene red granite, has been reported upon by Julien. The follow- 
ing notes were made by the writer in a recent trip to Egypt in 
which especial attention was paid to the disintegration manifested 
by the granite in the ancient quarries and ledges of the Aswan 
district and in the temples and monuments of Upper and Lower 
Egypt. 

THREE PERIODS OF DISINTEGRATION IN THE ASWAN DISTRICT 

The disintegration in the Aswan district seems to belong to two 
periods other than the present. The products of what seem to be 
the earliest period of disintegration are found at the contact of 


* This paper is the result of work done as Sheldon Traveling Fellow, Harvard 


University 
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coarse Syene red granite with the base of the overlying Nubian 
sandstone (Cretaceous) (Fig. 1). They form a zone of what Ball 
designates as “‘broken-down granite, a kaolinic mass with quartz 
grains.” The zone is 1 to 1 m. in thickness, has a relatively 
sharp even contact with the overlying sandstone and conglomerate, 
but below grades through less and less disintegrated granite into 
comparatively unaltered rock. The upper part of the zone is 
composed of material that has suffered slight rearrangement, but 
the middle and lower portions consist of the untransported débris 
of disintegration. The feldspar of the upper portion is almost 
completely kaolinized. In the middle portion, the kaolinization 





Fic. 1.—Diagrammatic section across the region of the Aswan Cataract. 1, Dis- 


integrated and decomposed zone at the base of the Nubian Sandstone. 2, The massive 


granular disintegration. 3, Disintegration of the present. 


is much less and in the lower portion it is not megascopically 
noticeable. Although the disintegration was seemingly not of the 
exfoliation type,’ it nevertheless took place roughly parallel to the 
very level upper surface of the granite. The surface is so level as to 
suggest a peneplain surface. The disintegration would seem to have 
taken place contemporaneously with or immediately preceding the 
deposition of the Nubian sandstone, and the kaolinization may 


According to the present use of the term, it is possible to distinguish several 

es of disintegration. The term is applied in some cases to the breaking up of a 
k-mass into blocks and in other cases to the breaking up of a rock-mass through 
loss of cohesion between the constituent grains. The former process may be 
rmed “block-disintegration”’ and the latter, “‘granular-disintegration.’’ Allied 
the block disintegration is what may be termed the “exfoliation” type of dis- 
tegration in which thin plates of rock rift off parallel to the surface of a ledge or 
ck. The process seems to involve considerable loss of cohesion between the grains 
nd readily goes over into granular disintegration. The term disintegration is also 
1 in a loose sense to denote the chemical breaking up of the rock-mass. But as 
Merrill advises, it would seem better exclusively to use for that process the term 
lecomposition”’ and to reserve the term “‘disintegration”’ for the process of mechan- 


| breaking up. 
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have taken place under the estuarine or marine conditions then 
prevailing or at some later time under the action of ground-water. 
The disintegration and decomposition penetrate cracks to the 
depths of 10 to 20 ft. and in one or two places may be seen to have 
taken place before the disintegration next to be mentioned. 

The effects of the second period of disintegration are mani- 
fested in a tendency toward deep, granular disintegration massively 
affecting the coarse Syene red granite at a level which is approxi- 
mately that of the Aswan Reservoir when full. This disintegration 
is best seen on the island of El Hesa, in some recently excavated 
graves at the site of the former village of Garba. The graves are 
cut back into hill slopes of various inclination and have a _ hori- 
zontal depth of about 3 meters on the average and a height of about 
ttm. The roof at the back commonly has a thickness of 1 to 2 m. 
The greatest distance to which a grave was seen to extend hori- 
zontally backward from the surface of the hill slope was 4 m. 
The height of the grave was about 1} m. and the roof at the back 
was slightly over 2 m. in thickness. The graves are cut entirely 
in the disintegrated, or rather, partially disintegrated, granite 
and in no case were they seen to penetrate unaffected rock. The 
disintegration has therefore penetrated to a depth of at least 3 to 4 
meters from the surface. The disintegration is of the granular 
type and, although affecting the rock uniformly, is not quite com- 
plete; blocks of the granite may be obtained which to the eye 
seem entirely sound but which crumble readily under the hammer. 
In the shallow sections that are afforded there is not any appreci- 
able decrease of intensity of the disintegration with depth. The 
disintegration has been accompanied by slight but megascopically 
noticeable kaolinization and in its products resembles closely the 
partial granular disintegration which is found at a depth of about 
4 m. in the Morvan and Plateau Central regions of Central France. 
This tendency toward massive granular disintegration is mani- 
fested also at several points along the old Nile Valley about 1 km. 
north-northeast of Shellal, at several points along the river trail 
from Shellal to the Aswan Dam, at several points immediately 
north of the village of Kuror along the river trail to Aswan, and 
about one-half mile northeast of Kuror in a small pass on the trail 
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to Aswan. The disintegration in each of the cases is approximately 
at the elevation of that on El Hesa. It is a distinctly noticeable 
fact that in many of these cases, as for instance in the case of the 
grave on El Hesa cut 4 m. back into a northerly facing 40° slope 
lying at the foot of a cliff about 25 m. high, the disintegration has 
penetrated to a depth of at least 3 to 4 m. in spite of the fact that 
direct isolation is received only during the summer and then only 


at a low angle. 

Disintegration taking place under the present conditions is 
abundantly shown by most of the exposed ledges and loose blocks 
of the region and is manifested in three ways: (1) Surfaces which 
have been exposed for a relatively short while show a slight rough- 
ening. Individual grains and fragments of feldspar and of quartz 
become loosened and are removed. (2) Surfaces which have been 
exposed for a longer time show in addition exfoliation of thin 
superficial layers commonly of about two-thirds of a centimeter in 
thickness. Cross-sections afforded by broken blocks show that 
megascopically noticeable incipient exfoliation has penetrated to 
a depth of 10 to 15 cm. from the surface. (3) Disintegration takes 
place also by the spalling and splitting of large blocks and frag- 
ments, but the amount of disintegration taking place in this 
manner in the Aswan region is not very great. Of these three 
methods of disintegration that by exfoliation is by far the more 
important. In the excavation for the dam and navigation canal, 
concentric disintegration and decomposition were found to have 
penetrated to a depth of several meters below the high Nile 
level and are probably to be considered as going on at the 
present. 

The chief granite of the Aswan region is the famous Syene red 
granite, a coarse red porphyritic granite composed chiefly of large 
phenocrysts of orthoclase. Where the joints are comparatively 
far apart, its outcrops under the effect of the concentric exfoliation 
of the joint blocks resemble huge piles of bowlders. Where the 
jointing is more pronounced and the joint blocks of much smaller 
size, the concentric exfoliation is much less in evidence and the 
outcrops are composed of, and surrounded by, detrital masses of 
angular and subangular blocks and in appearance are very similar 
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to the outcrop and surrounding detrital slopes of similar types of 
rocks in New England. 

The fine-grained granite of the region, somewhat similar in 
composition to the coarse red granite, although with a lower 
content of colored silicates, is not so severely affected by the dis- 
integration. Exfoliation takes place very slowly, and although 
the edges and corners of exposed blocks have in most cases been 
rounded, the general form of the blocks is angular. The outcrops 
in general aspect are not unlike these of the more jointed phases 
of the coarse red granite. The fine-grained granite is, however, 
itself much jointed. It was not seen massively disintegrated and 
small dikes cutting the massively disintegrated coarse granite 
showed merely slight exfoliation of the edges and corners of the 
joint blocks into which the dike is broken. Flaking and the loosen- 





ing of single grains on exposed surfaces do not seem severely to 
affect the fine-grained granite. 


THE RATE OF THE DISINTEGRATION OF THE GRANITE 

The rate of disintegration of exposed surfaces of granite at 
Aswan is not as rapid as at first might seem. Many of the numer- 
ous hieroglyphic inscriptions of this region show noticeable disin- 
tegration and on this account relatively rapid rates of disintegration 
have been postulated. These inscriptions almost without excep- 
tion are carved on bowlders of exfoliation, and in but few cases 
was there seemingly much effort on the part of the ancient Egyp- 
tians to remove more than the most readily detachable plates of 
exfoliation. The greater number of the inscriptions therefore 
were carved on surfaces that were already partially disintegrated. 
In the few cases in which the writer was able to satisfy himself that 
the inscriptions had been cut in surfaces dressed back into fresh 
rock, there was no disintegration noticeable and the inscriptions 
were entirely fresh and sharp. Such inscriptions can be seen on one 
of the two natural obelisks on the island of El] Hesa. The inscrip- 
tions date from the reigns of Mentuhotep I, about 2100 B.c.; 
Thutmoses IV, 1420-1411 B.c.; Amenhotep III, 1411-1395 B.c.; 
and Psammeticus II, 588-583 B.c. The inscriptions show no 
noticeable disintegration, and tapping with the finger or hammer 
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does not reveal the presence of incipient exfoliation or flaking. 
The exposure is southerly and therefore one that affords the maxi- 
mum exposure to insolation. These rocks, as can be seen from 
Fig. 2, rise directly out of the Nile and there would seem to have 
been no chance of their having been buried and protected by accu- 
mulations of sand or débris. Other examples of inscriptions 
carved in fresh surfaces and not showing disintegration are those 











Fic. 2.—The Island of Konosso. View taken looking north-northeast. The 
hieroglyphics mentioned are on the south face of the right hand of the two natural 


monoliths. 


along the trail from Aswan to Shellal numbered by Weigall 323, 
326, 334, 343, and 350 and dating from the eleventh, twelfth, and 
thirteenth dynasties; an obelisk and a statue lying unfinished in 
the ancient quarries and referred by Wiegall to the reign of Amen- 
hotep III, 1411-1375 B.c., and numerous discarded quarry blocks 
in the ancient quarries and along the ancient quarry roads, dating 
probably from not later than the last century B.c. These blocks 
in many cases consist of a half, a quarter, or an eighth of a bowlder 
of exfoliation and in most cases it is readily possible to determine 
which were the originally fresh and which were the originally exfo- 


liating surfaces. The surfaces which were originally fresh are still 
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fresh and show merely an infinitesimally thin film of tarnish and 
alteration. Tapping revealed no incipient exfoliation. In micro- 
scopic thin sections taken at right angles to the surface of a block, 
the orthoclase is seen to be comparatively fresh; the oligoclase is 
much clouded by decomposition products, but the alteration is not 
sufficient to obscure the specific determination of the feldspar. 
The ferro-magnesian minerals show slight decomposition and in 
one of the sections there is considerable limonitic staining. The 
degree of decomposition is no greater than that which is very 
commonly observed in sections of granite and is no greater toward 
the surface than deeper in. There is no tendency, as far as could 
be seen, toward incipient rifting parallel to the surface. The 
sections were taken at right angles to surfaces which had a southerly 
exposure and which were therefore exposed to the maximum heating 
effects of the insolation. 

Farther north in Egypt the rate of disintegration is more rapid. 
At Luxor, Thebes, Gizeh, and in the museum at Cairo, the granite 
(chiefly the coarse Syene granite) of statues, of obelisks, of por- 
tions of the temples, and of the facing of the pyramids, shows in 
the greater number of cases noticeable disintegration. That 
manifested by the statues is manifested chiefly as exfoliation of a 
thin film, o.5-o.7 cm. in thickness, from the pedestal, feet, and 
lower portion of the legs. Above the knees, the original high polish 
is commonly still intact, and tapping does not reveal incipient 
exfoliation or flaking. Examples of this type of disintegration 
can be seen on many, but not all, of the statues of Rameses II in 
the Forecourt of the Temple of Luxor and by the statue of Rameses 
II at the north entrance, by the colossal statue of Rameses II at 
the entrance to the great Hypostyle Hall, Karnak (Fig. 3), and 
by the medium-sized statue in the temple of Ptah, and by about 
half the statues of the coarse red Syene granite and also those 
of dark medium-grained rock possibly diorite in the museum at 
Cairo. The statue in the Temple of Ptah is situated in a small dark 
sanctuary and is not directly exposed to insolation. The other 
statues at Luxor and Karnak are less well protected, but neverthe- 
less are only very poorly exposed to the temperature changes con- 


sequent upon solar heating. In the Great Temple of Karnak, 
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disintegration manifests itself as the spalling of the corners of the 
uprights; as the exfoliation to the depth of about 1 cm. of the walls 
in the Granite Sanctuary, erected in 313 B.c. by Phillip Arrhidaeus; 
and as spalling and exfoliation of the lower 6 to 8 ft. of the fluted 
columns in front of the Sanctuary, and also of the obelisk of Queen 
Hatshepsut, 1591-1447 B.c. The obelisk of Thotmes I, now lying 
in pieces on the ground, shows scattered, patchy flaking and under 
tapping much incipient exfoliation is revealed. At the Temple of 








Fic. 3.—Statue of Rameses II. Entrance to the Great Hypostyle Hall, Karnak, 
showing in a characteristic manner the exfoliation of the pedestal, feet, and lower legs. 


Medinet Habu, Thebes, disintegration is shown by the granite 
pillars of the doorway both on the sides which are exposed to the 
sun and on those which are not. In the Serapeum at Sakkara, 
on the other hand, the surfaces of the huge sarcophagi, which are 
hewn out of the coarse Syene red granite, still retain the high per- 
fection of their original polish and show not the faintest trace of 
incipient disintegration or exfoliation. The sarcophagi, however, 
are in dry underground chambers whose temperature, according 
to Baedecker, remains very constantly at about 80° F 

At Gizeh, the granite blocks which formed a part of the facing 
of the second and third pyramids show for the most part on their 
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exposed surfaces a very marked exfoliation to the depth of 0.5 to 
0.8 cm. Minor exfoliation, in addition, is found along the joints 
between the blocks. Exposed surfaces not exfoliating commonly 
show marked granular flaking. The orientation of the surface, with 
north, east, south, or west exposure, does not seem appreciably to 
affect the intensity of the disintegration and exfoliation. Disinte- 
gration and exfoliation are shown also by the granite facing that 
extends for 30 ft. down the shaft on the north side of the second 
pyramid, by the granite pavement of the temple at the east base 
of the second pyramid, and by the granite blocks immediately to 
the north of the east entrance to the temple. A striking feature 





Fic. 4.—Diagrammatic sketch showing the greater degree of disintegration 
below the old soil line than above. East entrance to the temple of the second 


pyramid, Gizeh 


in this latter case, as can be seen from the accompanying sketch 
(Fig. 4), is that the disintegration is distinctly stronger below what 
seems to have been an old soil line than above it. A similar case 
was noted at one of the pyramids at Sakkara. The débris resulting 
from the disintegration and exfoliation in all these shows slight 
but megascopically noticeable decomposition. The degree of the 
alteration of the colored silicates is greater than that of the feld- 
spars, and that of the plagioclase is greater than that of the ortho- 
clase. 

The pyramids of Gizeh date from the Fourth Dynasty, about 
2850-2700 B.Cc., the statues of Rameses II at Karnak and Luxor 
date from the Nineteenth Dynasty, 1292-1225 B.c., and the Granite 
Sanctuary, Karnak, dates from the reign of Phillip Arrhidaeus, 
318 B.c. The average rate of disintegration and exfoliation would 
therefore seem to be about 1 cm. to 0.5 cm. in five thousand years. 
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The maximum rate, shown by the Granite Sanctuary, would seem 
to be about 1 cm. in two thousand years, and the minimum rate 
would seem to be so low that the effects are not apparent in three 
thousand years. In addition to this variation in the rate of dis- 
integration apparently corresponding to a variation in the conditions” 
to which the granite is exposed, there is apparently also a variation 
depending upon the orientation of the disintegrating surface in 
reference to certain directions within the rock, possibly the rift and 
the grain, or possibly a faint schistosity which is almost universally 


present in the Syene granite. 


THE CAUSES OF THE DISINTEGRATION 

The conventional explanation of disintegration in a region of 
desert climate like that of Egypt is that the disintegration results 
from the racking to pieces of the rock through the contraction and 
expansion consequent in the high-temperature ranges. In the 
case of Egypt, there would, however, seem to be serious objections 
to this explanation, although some disintegration undoubtedly 
does take place in that manner. The first objection is that, 
although the temperature range is of the same magnitude at both 
\swan and at the pyramids of Gizeh, the rate of exfoliation is very 
much less at the former place than at the latter, and furthermore, 
that, although the statues in the temples are exposed in many cases 
only to very low temperature ranges, the rate of exfoliation in 
many of these cases is of the same magnitude as that at the pyramids 
of Gizeh. The second objection is that the massive granular dis- 
integration of the Aswan region penetrates to a greater depth than 
appreciable temperature changes can be expected to extend. The 
depth of the zone of warming at midday in desert regions is given 
by Walther as the result of many observations as only about 19 cm. 
lhe annual temperature variation is said by Sir William Thompson 
to be reduced at a depth of 8 m. (25 ft.) to one-twentieth of its 
superficial amount. The mean annual temperature range in 
Egypt is less than 20° C and, at the depths to which disintegration 
can be seen to have penetrated at Aswan, 3 to 4 meters, must be 
reduced to amounts which are essentially negligible, especially 


since the period of the range is so long. The mean monthly range 
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is only 24°C. and at those depths must be even more seriously 
reduced in amount. The diurnal temperature range, furthermore, 
should be entirely absent at those depths, especially on slopes such 
as those in which many of the graves on El Hesa are cut, where 
direct insolation is received only during the summer and then at 
a low angle. Granite itself has a low coefficient of conductivity 
and that of dry granitic sand must be much lower; it would there- 
fore not seem surprising that a blanket of several feet of disinte- 
grated granite is found to be an effective insulating agent for the 
fresh rock beneath. 

At Aswan and at the pyramids of Gizeh, the only factor by 
which the conditions of exposure of the exfoliating rock differ is 
in the humidity. At Aswan there is no rainfall, there is only a light 
dewfall at night, and the relative humidity at 8:00-9:00 A.M. varies 
from 28 to 58, average 39; while at the pyramids of Gizeh there 
are several light showers each year, there is a moderately heavy 
dewfall at night, and the relative humidity at 8:00-9:00 A.M. runs 
from 64 to 87, average 72. 

In the case of the exfoliating statues, their sheltered positions 
in the temples and the connection between the exfoliation and the 
lower portions of the statues would seem to indicate that the cause 
of the exfoliation lay not so much in the temperature changes as 
in some factor connected with the ground, as for instance, in the 
ground-water or moisture, and it is to such a cause that the exfoli- 
ation is ascribed by G. Daressy of the Department of Antiquities, 
Egypt, who says: “Les granites exposés continuellment 4 |’eau 
ou au soleil se conservent bien, mais ov ils se degradent, c’est 
lorsqu’ils ont été enfouis dans un sol humide. La formation de 
sels nitrate et autre fait alors decomposer le granite, sirtout lorsque 
le terrain est alternatement sec et humide.”” The expansion con- 
sequent upon the kaolinization of the feldspar is emphasized by 
Merrill as the cause of the disintegration of the granite near 
Washington, D.C. Although kaolinization is megascopically very 
noticeable in these cases, it would scarcely seem to be of sufficient 
amount alone to account for the observed disintegration and 
exfoliation. 
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The massive granular disintegration of the Aswan region 
possibly also may be attributed directly or indirectly to the effect 
of moisture. The disintegration is found at and for some few 
meters below the level at which the Nile must have flowed when 
in the old Nile Valley between Aswan and Shellal. At that time 
the granite at the level of this disintegration must have been 
alternately above and below the ground-water level, as the Nile 
rose and fell, and must consequently have been alternately wet 
and dry. At the present level of the Nile, the granite was found 
in the excavations for the navigation canal and for the dam founda- 
tions to be almost completely disintegrated and decomposed to a 
depth of several meters below the level of the high Nile. Decom- 
position in this case has, however, rather predominated over simple 
disintegration. 

These observations in the light which they throw on the cause 
of the disintegration of granite are in agreement with similar 
observations which the writer made in the Odenwald, in the Vosges 
Mountains, in the Norvan and Auvergne districts of France, and 
in the eastern United States. In the many places in which the 
disintegration has reached the depth of 20, 30, or even 40 ft., it 
seems impossible to believe that the temperature changes are of 
sufficient amount to be of any appreciable effect. Diurnal, weekly, 
and monthly temperature changes must be completely eliminated 
at those depths, and according to Sir William Thompson the 
annual temperature range is reduced at a depth of 25 ft. to one- 
twentieth of its superficial amount. The disintegration in these 
places is accompanied in many cases by very much more and in 
other cases by only slightly more decomposition than is the dis- 


integration in Egypt. 


























A RECORDING MICROMETER FOR GEOMETRICAL 
ROCK ANALYSIS 


S. J. SHAND 
Victoria College, Stellenbosch, South Africa 
The quantitative estimation of minerals in rock sections is 
generally recommended as a valuable exercise, but in practice it is 
far too seldom performed. The reason is that the recognized 
methods of estimation are very tedious, while the results, when 
obtained, have not hitherto been put to any systematic use in the 





classification of rocks. The usual methods are of two kinds, viz., 
(1) separations, either gravitational or magnetic, the separated 
portions being weighed directly; and (2) geometrical methods, 
involving measurement either of areas or of diameters, and sub- 
sequent calculation of percentage volumes and percentage weights. 

Of estimations of the latter class, the following variants are” 
known to me: 

1. The method of Delesse: The surface of the rock is polished 
and oiled, and the outlines of the grains are traced on transparent 
paper, the areas corresponding to different minerals being distinc- 
tively colored. The paper is then pasted upon tinfoil, and cut up 
along the boundaries of the grains. The fragments having been 
grouped according to color, the paper is removed and the tinfoil 
weighed. The weights so found are proportional to the areas traced 
upon the paper, hence also to the volumes occupied by the different 
kinds of grains, provided that the rock is uniform throughout. To 
get the proportions of the various minerals by weight, each volume 
must be multiplied by the specific gravity of the corresponding 
mineral. ; 

2. The outlines of the grains may be traced upon squared 
paper, and the areas obtained by counting the number of squares 
occupied by each mineral, all broken squares being reckoned as 


half-squares. 
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3. Methods 1 and 2 can be applied to microscopic sections by 
the aid of a camera lucida attached to the microscope. An ordinary 
photographic camera can also be used, the outlines of the grains 
being sketched from the enlarged image on the focusing screen. 

4. Ifa dark room is at hand, it is sometimes preferable to photo- 
graph a rock section instead of sketching it. The print.can be 
examined either by weighing or by means of squared paper. 

5. A squared ocular micrometer, by means of which the areas 
of the grains in a section can be measured directly under the 
microscope, was tried by Rosiwal. It was found to be less advan- 
tageous than the following method, viz.: 

6. Rosiwal’s linear traversing method:' If the work be executed 
with care and under all necessary precautions, this is the simplest 
and perhaps for that reason the most accurate of all geometrical 
methods of rock analysis. The measurement of areas is replaced 
by the measurement of diameters along a selected line or lines. 
Either a microscopic section or the smooth face of a hand-specimen 
of the rock may be employed, according to whether the rock is of 
fine or coarse grain. In the latter case, a graduated rule or tape 
is required; in the former, an ocular micrometer. Any kind of 
micrometer will do, but the estimation is facilitated by the use 
of certain special types, such as the “‘planimeter ocular” of Hirsch- 
wald.? Subject to certain conditions, the number representing 
the sum of the diameters of all grains of one kind is proportional 
to the volume of the mineral concerned. 

So far as tediousness is concerned, all these methods are more 
or less on the same level; the measurements are very wearisome 
and take a long time to perform. Generally speaking, one would 
expect weighing to be a more exact process than the use of squared 
paper, but then the weighing must be preceded by sketching and 
cutting out, and appreciable errors may creep in during these 
manipulations; furthermore, one cannot be sure that the material 
weighed, be it tinfoil, cardboard, or paper, is everywhere of the 
same thickness. On the other hand, the counting of innumerable 

t Rosiwal, “Uber geometrische Gesteinsanalysen,” Verhandlungen der k.k. geolog. 
Reichsanstalt, Wien (1898), No. 5. 


2 J. Hirschwald, Centralblatt fiir Min., Geol., Pal. (1904), No. 20. 
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tiny squares is a most aggravating business, and the fewer the 
squares, the greater the probable error in the result. On the whole, 
the advantage seems to be with the Rosiwal method, as being both 
simpler and more direct than the others. The practical disad- 
vantages of the method are two: First, the making of very many 
minute measurements by the aid of the scarcely visible scratches 
on the eyepiece micrometer puts a severe strain upon the eyesight, 
as well as upon the patience, of the observer. After an hour or 
two of such work I have sometimes been nearly blind. Secondly, 
the writing down and adding up of some hundreds or even thousands 
of measurements is itself a most tedious operation. 

To obviate these serious disadvantages of the Rosiwal method, 
I have devised a stage micrometer which both makes the measure- 
ments and performs the addition of them; it consequently effects a 
great reduction in the time needed for the estimation, and inci- 
dentally reduces the strain on the eyes to a minimum. The first 
instrument was made from my drawings by Mr. T. A. Linton, at 
the South African College, Cape Town, and I have pleasure in 
expressing my appreciation of his excellent workmanship. 

The design is very simple, and will easily be followed with the 
aid of the drawings (Figs. 1, 2, 3). The rock section, mounted as 
usual on a glass slide, fits into a rectangular brass sledge A, which 
is movable to right or left of the observer, within another sledge B, 
the movement being accomplished, and its amount recorded, by 
the micrometer screw L. Sledge B moves in the same manner and 
direction within sledge C, the movement being performed and 
recorded by the micrometer screw R. Sledge C has no transverse 
movement; it carries two runners on its under surface which 
travel in grooves on the sides of the rectangular stage of the micro- 
scope; the only movement of this sledge is to and from the observer 
and is effected simply by hand. 

Suppose it is required to estimate the volume of augite in a 
dolerite. The section is put in place and adjusted till one edge 
of it appears against the point of intersection of the cross-wires 
in the eyepiece of the microscope. The readings of screws R and 
L are written down. Then screw R is turned continuously until 
a grain of augite is brought up to the cross (i.e., the point of inter- 
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section of the cross-wires); screw L is now turned until the grain 
travels past and its other margin lies exactly beneath the cross; 
then screw R is turned till the next augite grain comes into position; 
then screw L till the grain has passed, and so on. When the 
traverse has been completed, which with a section of ordinary size 
may take from one to three minutes, the readings of the microm- 
eter screws are again noted and written down below the former 
readings. It is obvious that the difference between the two read- 
ings of screw L gives the sum of the diameters of all the augite 
grains which were intersected during the traverse, while the differ- 
ence for screw R gives the sum for all other minerals in the rock. 
Without stopping to make these subtractions, however, sledge C 
is pushed forward into a new position and a second traverse is 
made in the return direction; at its completion the micrometers 
are again read and the readings jotted down beneath the previous 
ones. Sledge C is again pushed forward, and another traverse 
made, and so on until the number of traverses is considered suffi- 
cient. One may now proceed to the subtraction of the successive 
readings, and the calculation of the percentage of augite, which is 
obviously 


sum of successive differences of L “1 
um of successive differences of L + sum of successive differences of R ‘ 


The most expeditious manner of recording the readings is to write 
them down in parallel, vertical columns in the middle of the page; 
then, when all the measurements have been made, the differences 
of L are quickly filled in to the left and the differences of R to the 
right, as in Table I, on p. 399, which is part of an actual 
estimation. 

It will be seen that by this method only two numbers have 
to be recorded for each traverse after the first, while by any other 
method some twenty or more may be necessary. 

It may be advisable at this stage to recall the conditions which, 
as Rosiwal has pointed out, must be observed if the linear traversing 
method is to give reliable results. 

1. The length measured must be at least one hundred times the 
average grain of the rock. (With the additional facility afforded 
by the recording micrometer, it would involve little extra labor 
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to increase this minimum to two hundred or even four hundred, 
and I strongly advocate the increase.) 

2. Two measured lines should be at least the width of a grain 
apart. 

3. When the constituents are fine-grained and uniformly 
distributed, measurement of a single section may be sufficient; if 
coarse-grained, several sections may be necessary in order to satisfy 


conditions 1 and 2. 


rABLE I 

Diff L R Diff 
3.52 5.05 

6.43 10.00 
Io 5 24.05 

9.18 13.40 
1.07 11.25 

5.86 17.45 
6.93 28.70 

0.93 10.25 
0.00 12.45 

7.62 15.23 
7.62 27.68 

30.02 78.93 
30.02 


eo > ave = =2 2 
Percentage Zoetelon X100= 31.3 


Total distance traversed, 57.5 mm.; time taken 


for measurements and calculation, 12 minutes. 


4. In the case of a rock with parallel structure.it is necessary, 
and in most cases it is desirable, to take measurements both along 
and across the section. 

5. The most accurate method is to measure all the minerals 
present at the same time, rather than one at a time, although the 
latter is the quicker way. (This recommendation applies to the 
use of an ordinary micrometer; it is of course inapplicable to the 
recording micrometer.) 

6. In the case of coarse-grained rocks it is often quickest to 
measure a polished face macroscopically, using sections only for 
minor or microscopic constituents. 

Rosiwal’s practice is to draw fine lines on the cover-glass with 


ink, and then measure along these lines. This is not necessary 
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if the stage of the microscope happens to be ruled with cross-lines, 
as is often the case. 

The method having been described, it remains to add some 
details about the construction of the instrument. In making the 
first model, we took the micrometer screws out of two small spherom- 
eters; these had just the right length (about 1} inches) and pitch 





Fic. 4.—Photograph of original micrometer 


~ 


©.5 mm.) and were used almost without modification. The num- 
bers on the graduated disk run in the correct direction for screw L, 
but must be reversed for screw R. These screws proved, on trial, to 
be unsatisfactory, having been taken from a cheap type of spherom- 
eter (the only kind obtainable in South Africa at the time), and 
better ones have since been substituted for them by Messrs. Swift 
& Son, London. It is of course essential that the screws shall be 
machine-cut with the highest degree of accuracy; that the axis 
shall be perfectly straight; and the graduated disks truly plane 
and set exactly at right angles to the axis. The precise pitch of the 
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screw does not matter at all, but a pitch of about one-half to one 
millimeter is convenient. The scales which record the movement 
of the screws are of course graduated to correspond to the pitch, 
and the divisions on both scales are numbered from right to left. 

















Fic. 5.—The micrometer in position on the stage of an “ Allan Dick” petrological 


microscope (Messrs. Swift & Son, London 


The ends of the screws may be rigidly attached to the sledges A 
and B, but can be more simply secured by means of backlash springs. 
The innermost sledge A carries two slots, one of them (abcd) made 
to take the standard English size of slide (7525 mm.), the other 
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(efgh) to take German slides (48X28 mm.). Two small spring 
clips (not shown in the figure) serve to prevent any slight movement 
of the glass. In order to allow of measurements being made in 
. two perpendicular directions across a rock section, four short pins 
are inserted in the sides of sledge A; these make it possible to fix 
a German-sized slide in cross position upon the micrometer, but 
the English slides are too long to permit this. 
The attachment of the outermost sledge C to the stage of the 
microscope is effected by means of runners with beveled edges which 





fit into grooves in the sides of the stage. One runner is fixed 
directly to the under surface of the sledge, the other is attached by 
a simple wire spring to a fixed cross-bar on the under surface of 
the sledge. This simple arrangement could be replaced, if desired, 
by a mechanical movement; in any case it would be an advantage 
to have an additional screw (V, Figs. 1, 2) by means of which the 
instrument could be clamped to the stage in any desired position. 
My instrument was made to fit the stage of an “Allan Dick”’ 
microscope (Swift & Son), but it is obviously adaptable to any 
microscope with a rectangular stage. It could even be adapted 
to a circular stage by means of a rectangular plate clamped 
temporarily on top of the stage. 

The instrument, as actually made for me, differs in some minor 
points from the drawings. For instance, the micrometer screws 
are not rigidly connected to the sledges A and B, as the drawing 
suggests, but are attached by simple backlash springs which can 
be seen in the photographs (Figs. 4, 5). The dimensions of the 
side- and end-pieces of the sledges were slightly increased for the 
sake of greater strength. The figures relating to these parts are as 
follows: 

Length of sledge A, 85 mm 

Width of sledge A (including bevel), 37 mm. 

Travel of sledge A, 16 mm. (this might be increased) 

Length of sledge B, 108 mm. (this might be increased). 

Width of sledge (including bevel), 45 mm. 

Travel of sledge B, 35 mm. 

Length of sledge C, 127 mm. 

Width of sledge C, 54 mm. (might be reduced to 52). 

Thickness of material throughout, 3.5 mm. 
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It would be well to allow a greater travel to sledge A by slightly 
increasing the length of sledge B—say to 112 mm. 

A well-finished instrument of this kind could not be made for 
much less than £5, hence it is not likely to become part of every 
petrologist’s equipment; but in view of the saving of time and 
eyesight which it effects the initial outlay is inconsiderable, and 
the gain to descriptive petrography, if it should succeed in 
popularizing the geometrical analysis of rocks, would be very 
great. 

The instrument has been examined by Messrs. J. Swift & Son, 
London, who have all the information necessary for executing 
copies of it. 


EXPRESSION OF THE “COLOR RATIO” OF A ROCK 


It has always appeared to me to be a matter of great importance 
in rock descriptions to state the proportion of light to dark minerals 
accurately. The terms “leucocratic’”’ and “melanocratic”’ have 
proved extremely useful in giving a rough indication of this pro- 
portion (which I am in the habit of calling the “color ratio” of 
the rock), but something more is urgently required. Of course 
the fundamental point of difference between the light and the 
dark minerals does not lie in their color, but in their specific gravity, 
to which, however, the color affords a convenient index, inasmuch 
as all minerals of gravity less than 2.8 are leucocratic (predomi- 
nantly light-colored) and those of higher gravity are melanocratic 
(predominantly dark-colored). It is becoming more and more 
apparent that differences of specific gravity must be reckoned 
among the chief causes of magmatic differentiation, and for this 
reason, as well as for its purely descriptive value, the color ratio 
must receive quantitative recognition in the future. 

With the micrometer described above, it is possible to measure 
the color ratio of a fine-grained rock with a high degree of accuracy 
in a period of ten to thirty minutes, according to circumstances. 
Having ascertained the ratio, the next question is how best to 
express it, and the way which does least violence to our accepted, 
illogical system of nomenclature is to resort to a system of prefixes. 
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The following ratio and the 
expressive: 

Light minerals more than 97 

« “ © © @ 

So 


go 


97 


Examples: L=granite (alaskite); 1s=syenite; Im=dolerite; m=syenit« 
(shonkinite); m,.=pyroxenite, etc. 


5. 








corresponding prefixes are simple and 


per cent 
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or L 


or / 


or | 


or lm 


or m 


or m™ 


or M 
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Origin of the Bighorn Dolomite of Wyoming. By E.iot BLAcK- 
WELDER. Bull. Geol. Soc. Am., XXIV, 607-24, plates 8, 
December 22, 1913. 

The Bighorn dolomite is widely distributed in northwestern Wyo- 
ming. Its fossils, mostly corals and crinoid stems, are rare and seldom 
vell preserved, but indicate an Ordovician age, possibly including 
Silurian also. Chemically the formation is a very pure, normal dolomite, 
with very little terrigenous matter. Its weathered surface is character- 
istically coarsely pitted and fretted, owing, not to intetmingling of sili- 
ceous with calcareous matter, but to compact fine-grained dolomite 
structures imbedded in a matrix of more coarsely crystalline and porous 
dolomite. The ill-defined branching patterns due to differential weather- 
ing are probably of organic origin, more likely representing banks of 
calcareous algae than plantlike animals. The obliteration of original 
organic structures is assigned to the process of crystallization of the 
dolomite, probably taking place almost simultaneously with deposi- 
tion on the sea floor. The deposits were doubtless made in an epicon- 
tinental sea less than 100-120 meters deep. 


R. C. M. 


On Oceanic Deep-Sea Deposits of Central Borneo. By G. A. F. 
MOLENGRAAFF. Koninklijke Akademie van Wetenschappen 
te Amsterdam, Proceedings of the meeting Saturday, June 26, 
1909. Pp. 7, map 1. 

The Danau formation, which outcrops over an area of approxi- 
mately 40,000 sq. km. in central Borneo, consists of cherts and hornstones 
formed almost entirely from the tests of Radiolaria. The char- 
acter of the formation is very constant throughout the area. It consists 
of two types: the one, a true Radiolite, is semitransparent, hard, and 
brittle, with a color varying from milk-white to red or green, and is 
composed almost exclusively of the closely packed tests of Radiolaria; 
the other is an argillaceous chert, always red in color. The latter con- 
tains fewer Radiolaria and is analogous to modern deep-sea red clay 
deposits. The former corresponds to Radiolarian ooze. This large 
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area of deep-sea deposits clearly indicates a very deep submergence of 
this region, probably during the Jurassic period. The deposits probably 
occur in geosynclines developed at the edge of the permanent Australa- 
sian continental segment. 


R. C. M. 


Glaciology of the South Orkneys: Scottish National Antarctic Expedi- 
tion. By J. H. Harvey Pirie. Trans. Roy. Soc. Edin., 
XLIX, Part IV, pp. 831-61. Figs. 14, pls. 11, including one 
map. 

The South Orkneys have such a climate that the line of perpetual 
snow is practically at sea-level; the summer temperatures are rarely 
above freezing-point. The mean annual temperature is 22°7 F. The 
mean temperatures of the warmest and coldest months are 31°5 and 
12°0 F., respectively. Foehn winds having passed over the central 
highlands sometimes produce as high a temperature in midwinter as in 
summertime. 

Che islands are almost entirely snow-covered throughout the year. 
The resulting glaciers are characteristically antarctic in type. The 
surfaces are practically all covered with névé, there are no surface 
moraines, crevasses are rare except at escarpments, the whole mass of 
the glaciers shows stratification, and the glaciers terminate in sea-cliffs. 
The land relief gives rise to various forms of glaciers: 

I. Ice-sheets, including: 

a) Inland ice. 

b) Ice caps of the Norwegian type. 

c) Much of the Spitzbergen type of ice caps. These are ice sheets which 

conform to the topography, overlying both valley and hill. 

II. Glaciers properly so called 

Valley glaciers. 

b) Suspended cliff glaciers 
III. Piedmont glaciers. 

[hese cover the low slopes between the mountain sides and the seashore. 

Chey end in cliffs from 15 to 20 meters high; their surfaces are uniform 

and snow-covered, having a gentle slope from the sea to the hills behind. 

They are fed by local precipitation and are not dependent upon snow-field 

reserves; they show well-marked horizontal stratification. 

IV. Glaciers of the coastal belt and shelf. 

1) Shelf-ice, such as the Great Ross Barrier. 

Ice-foot glaciers which lie in the zone between land and sea. They 
are composed of layers of névé ice formed in place chiefly of drift snow 
supplied by wind action. 














e of 
ubly 
ala- 


ne 


ual 


ely 


nd 
ral 
in 


ir. 
he 
ce 


of 














REVIEWS 407 

The surface of the ice is undulatory, conforming to the surface of the 
underlying ground. In one place the slope is opposite to the movement 
of the ice. The glacier as a whole may be traveling uphill for several 
hundred feet, but the total rise of the upper surface is thought not to 
exceed 20 feet. 

The glaciers are not notably advancing or retreating; in most places 
cliff terminations at the shoreline indicate advance, but occasional 
rounded “‘snout’’ endings bear witness to a slight retreat. The small 
number of ice falls from the cliffs also disproves any notable advance. 
In certain places the ice strata are slightly turned up at the glacier edges, 
but there is no sudden upturning at the end; this conforms to the other 
indications pf but slight movement. 

Englacial material is rare and consists chiefly of wind-dropped rock; 
sand, pebbles, and bowlders are uncommon. In one place the ice 
grains were seen to be drawn out and arranged in sweeping curved lines 
which follow the direction of glacial flow. The bounding crystal faces 
are usually not plane but curved. 

From imperfect data collected on the speed of temperature waves 
through the ice, it appears that a wave of about 5° change in temperature 
penetrates 2 feet in about 2 days, and 4 feet in about 5 days. 

The islands seem to be the serrated tops of a mountain range which 
has been deeply dissected by glaciers while the islands stood at a mark- 


edly higher elevation above the sea. 
Be ae 

The Upper Devonian Delta of the Appalachian Geosyncline. By 

JosepH BaRRELL. In three parts. Am. Jour. Sci. [4th Ser.j, 

XXXVI (November, 1913), 429-72; XXXVII (January, 

1914), 87-109; XXXVII (March, 1914), 225-53, Figs. 5. 

The Upper Devonian Oneonta and Catskill formations, that consist 
of alternating red shales and gray sandstones, of the Appalachian geosyn- 
cline in southeastern New York and northeastern Pennyslvania are 
believed to be “subaerial delta deposits [of westward-flowing streams} 
in a dry but not arid climate; a climate probably equable in temperature 
but subject to seasonal rainfall.’’ The Oneonta is 1,000 feet thick in 
the Catskill Mountains; the Catskill runs up into thousands of feet in 
thickness. The Portage and Chemung formations are the shallow-sea 
equivalents of the Oneonta and Catskill beds. The inland sea in which 
the former were deposited bordered the subaerial delta on the west and 
southwest. The included map “shows the shore line at the close of the 
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Devonian farther west than any previous map but the margin of the 
sediments farther east, except for the New Jersey strait of Schuchert 
which is here eliminated.”” The Upper Devonian sediments are believed 
to have extended northward beyond Lake Ontario and as far eastward 
as the margin of the present coastal plain; their removal over a great 
part of this area is referred to pre-Newark (Mid-Triassic), Jurassic, and 
post-Jurassic (Comanche and Cretaceous) erosion epochs. These 
Upper Devonian beds apparently formed a great piedmont plain that 
stretched westward from Appalachia; the Skunnemunk conglomerate 
(2,500 feet thick) isa remnant. This plain thickened from east to west 
and in so doing changed from coarse to fine sediments. The indications 
are that the drainage divide of Appalachia “was at least as far east as 
the present 100-fathom line southeast of Long Island and New Jersey.” 


V. O. T. 





Geology and Ore Deposits of the Monarch and Tomichi Districts, 
Colorado. By R. D. CRAwrForp. Bull. Colo. Geol. Surv 
No. 4, 1913. Pp. 317, pls. 15 (including 4 maps), figs. 15. 

The Monarch district lies in the southwestern part of Chaffee 
County, Colorado, on the east slope of the Sawatch Range. The 
Tomichi district, which is in Gunnison County, is on the west slope of the 
range and joins the Monarch district on the west. 

The sequence of formations is as follows: pre-Cambrian gneisses, 
schists, granites, pegmatite, and quartzite; the probably Upper Cam- 
brian Sawatch quartzite (20+ feet); the mid-Ordovician Tomichi 
limestone (400 feet); the Upper Devonian and early Mississippian 
Ouray limestone (600-800 feet); the Pennsylvania Garfield formation 
(2,800 feet); the Permo-Pennsylvanian (?) Kangaroo formation (about 
3,000 feet); post-Carboniferous quartz monzonite, granular rocks, 
porphyries, flow, and volcanic breccia; Pleistocene and later glacial 
and fluvio-glacial deposits; recent deposits. 

The Sawatch quartzite does not outcrop in the Monarch district. 
In the Tomichi district, the Garfield formation is only a few hundred 
feet thick, and the Kangaroo formation is wanting. 

Unconformities exist between the following formations: the pre- 
Cambrian and Sawatch, the Sawatch and Tomichi, the Ouray and 
Garfield, the Garfield and Kangaroo, the Kangaroo and volcanic 
breccia, the Pleistocene and older deposits. Regarding the interval 
between the Tomichi and Ouray, the author notes that “‘although one 
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or more stratigraphic breaks may be present, the beds show no angular 
An unconformity is probable between the Devonian 


’ 


unconformity.’ 
and Mississippian portions of the Ouray. 

Pronounced folding and faulting occurred in post-Kangaroo (Permo- 
Pennsylvanian(?)) time. 

The primary ore minerals of the Monarch and Tomichi districts are 
believed to be genetically related to the quartz monzonite intrusion. 

The principal ores produced in the Monarch district are of lead, silver, 
gold, copper, and zinc. They occur as replacements in limestone and 
dolomite, filling of fault fissures in limestone and quartzite, fissure veins 
in igneous rocks, contact deposits, and as deposits in pegmatite, gneisss, 
and schist. Further development is encouraged. 

The silver-lead ores now mined in the Tomichi district are chiefly 
sulphide ores. The iron ore bodies are of magnetite and limonite. The 
ores occur as replacements in limestone and dolomite, contact deposits, 
fissure veins, and as bog iron deposits. The future of the district lies 
in “the development of claims in groups.” 

Detailed descriptions of the mines of both districts are given. 


V. O. T. 


Reconnaissance of the Geology of the Rabbit Ears Region, Routt, 
Grand and Jackson Counties, Colorado. By F. F. Grovt, 
P. G. Worcester, and Juntus HENDERSON. Bull. Colo. 
Geol. Surv. No. 5, Part 1, 1913. Pp. 57, pl. 1. 

The Rabbit Ears region includes about 212 square miles in Routt, 
Grand, and Jackson counties, Colorado, “along and near the west end 
of the Rabbit Ears Range.” 

The geological sequence is as follows: Archean gneisses, schists, and 
granites; Permian or possibly Triassic “Red Beds”; the Upper Jurassic 
or Lower Cretaceous Morrison formation; the Cretaceous Dakota(?), 
Benton, Niobrara, and Pierre formations; early Eocene coal-bearing 
beds; post-Eocene volcanic breccia, dikes, and sheets; Pleistocene and 
Recent deposits. 

Unconformities occur between the Archean and the “Red Beds,” 
the ‘“‘Red Beds” and the Morrison, probably between the Morrison and 
the Dakota(?), the Pierre and the early Eocene coal-bearing beds, and 
the coal-bearing beds and later deposits. 

Folding “ began at or just after the close of Cretaceous time, probably 


continuing for some time into the Tertiary. It is “probable 
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that igneous activity began in late Cretaceous or very early Eocene 
time and continued till very recently, and that there were several quite 
distinct periods.”’ 


V. O. T. 


Permian of “ Permo-Carboniferous”’ of the Eastern Foothills of the 
Rocky Mountains in Colorado. By R. M. Butters. Bull. 
Colo. Geol. Surv. No. 5, Part 2, pp. 65-1o1. Fig. 1. 

This report is concerned with the determination of the age of the 
Lykins formation, which was assigned by Fenneman to the upper part 
of the “Red Beds”’ in the Front Range of eastern Colorado. 

The Lykins formation, which varies considerably in thickness, con- 
sists of red shales and shaly sandstones, with a few sandy or shaly 
limestone beds. On the basis of the faunal evidence, the lower part 





of the Lykins is placed in the Pennsylvanian and an intermediate zone 
above is tentatively correlated with the Rico formation (Permian( ?)) 
of the San Juan region. ‘This leaves 100-400 feet of shales to represent 
the Permian or the remainder of the Permian, the Triassic, and all the 
Jurassic up to the Morrison.” 


V.0O. T 


The Geology of Central Ross-shire. By B. N. Peacu, L. W. HInx- 
MAN, E. M. ANDERSON, J. Horne, C. B. CRAmptTon, R. G. 
CARRUTHERS. Petrological Notes by J. S. FLett. Memoirs 
of the Geological Survey of Scotland, No. 82, 1913. Pp. 114, 
pls. 8, figs. ro. 

[he western quarter of County Ross is cut off by the great Moine 
thrust line. The Strathconan fault is the dominant one in the area 
considered. It is of the type described as a “‘wrench fault.”” The direc- 
tion of the fault line is a little east of north, and the lateral movement was 
to the northeast on the east side, and to the southwest on the western 
side. There are many Lewisian inliers thrust upon the younger Moine 
series. 

The Lewisian gneiss is a basement complex of various rocks of differ- 
ent ages and includes altered sedimentary rocks that were denuded and 
affected by contact metamorphism before the deposition of the Moine 
sediments. 

The Moine series comprises quartzose schists or quartz-biotite 
granulites and garnetiferous mica-schists or pilitic gneiss, representing 











te 








REVIEWS 4IiI 


respectively metamorphosed silicious and argillaceeus sediments. 
Locally the base of the series is conglomeratic. They are divided into 
an upper and a lower silicious zone. 

Torridonian strata occupy most of the unmoved area east of the fault 
line. The beds are chiefly coarse, chocolate and red arkoses and pebbly 
grits which carry occasional layers of shale and flagstone. 

Unconformable upon the Torridon beds lie the Cambrian. The 
Cambrian is based with a gritty quartzite; the upper Fucoid limestones 
carry an Olenellus fauna. 

An apparent metamorphic transition of Torridon into Moine schists 
is reported, but no suggestion is made as to the age of the Moine schists 
relative to the Cambrian and Torridonian. 

The petrology of the district is marked by unusual lamprophyre 
dikes of minette and monchiquite relationships. 

The last twenty pages are given to a discussion of Pleistocene glacia- 
tion and glacial deposits. 


T. T.Q. 


The Archean Geology of Rainy Lake Re-studied. By ANDREW C. 
Lawson. Geol. Surv. Canada, Memoir No. 40, 1913. Pp. 
115, pls. 9, map r. 

Field study confirms the author’s earlier opinion (of 1887) that the 
Coutchiching sedimentary series is older than the Keewatin igneous 
rocks. He found that there were two widely separated periods of plu- 
tonic activity; to the earlier he proposes to confine the name Laurentian, 
and for the younger he introduces the term Algoman. 

Lawson’s classification of Archean formations from the top down- 
ward is as follows: 

1. Eparchean interval—peneplanation. 

2. Algoman. Vast batholiths of granite- and syenite-gneisses. 

Seine series (Upper Huronian, Middle Huronian of some authors). 

Conglomerates, quartzites and slates. 

4. Uplift, deformation and erosion, followed by depression. 

5. Steep rock series (Lower Huronian). Sediments and volcanics. 

Several hundred feet of fossiliferous limestones. 

6. Erosion which extensively exposed the granite batholiths. 

7. Laurentian. Granites and granite-gneiss. 

8. Keewatin. Chiefly volcanic rocks with intercalated sedimentary 

beds. Certain intrusive gabbros. 

». Coutchiching. Sedimentary strata. Mica schist and paragneiss. 
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Only two divisions of the Huronian are admitted, and the Animikie 
and Keweenawan are not grouped with the Archean but with the Paleo- 
zoics. However, these two divisions are associated under the higher 
name Algonkian. He also proposes the name Ontarian to cover the 
closely associated Keewatin and Coutchiching. 

The major part of the report is given to a detailed discussion and 
description of the criteria whereby the Coutchiching is represented to be 
older than the Keewatin. The arguments presented are based upon 
structural relations, and actual contacts at which the Keewatin lies 
upon the Coutchiching. 

The conglomerate which Lawson formerly thought part of the 
Coutchiching, and which others used to show that the Coutchiching 
is younger than the Keewatin, Lawson now distinguishes as part of 
another, very much younger, group, the Seine series. The stratigraphical 
position of this series is not clearly established, and therefore the upper 
part of his Archean classification is not much more than tentative. 

T. T. Q. 


The Pre-Cambrian Geology of Southeastern Ontario. By WILLET G. 
MILLER and Cyrit W. Knicutr. Report of the Bureau of 
Mines, Vol. XXII, Part II, t914. Pp. 151, illustrations 67, 
portraits 4, maps 13. 

The chief results of the work were to show that: (1) the sedimentary 
rocks have a basement of Keewatin green schists and ellipsoidal lavas; 
(2) the Grenville series were deposited upon the Keewatin lavas, but 
no erosional interval has been proved; (3) granites of two ages have been 
recognized; the older one is gneissoid and intrudes the Keewatin and 
Grenville rocks, the younger granite intrudes all the local pre-Cambrian 
rocks; (4) most of the metamorphosed blue limestones are classed with 
the Grenville series, but the conglomerates and some other sediments 
are younger and differentiated as the Hastings series; (5) post-Hastings 
igneous rocks are gabbro, basalt, and tuffs, and the Algoman granite 
which is later than the gabbro group. 

Because the great Grenville limestone series (94,000 feet thick 
Adams) was pre-Laurentian, the authors think there is no special sig- 
nificance to be attached to the Laurentian as an epoch-marking time. 
They drop the terms Algonkian and Archean, and Proterozoic and 
Archeozoic. They do not reach definite conclusions about the correla- 
tion of the limestone conglomerate and other formations in the Madoc 


area. 
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As an appendix the authors present their correlation of the pre- 
Cambrian rocks of Ontario, western Quebec, and southeastern Ontario. 
They follow Lawson in calling the older granites Laurentian and the 
younger ones Algoman. They drop the name Huronian because they 
think confusion of application has ended its usefulness. They group 
the sedimentary rocks of the classic Huronian district at Bruce as 
‘‘Animikean,” and correlate with them the Cobalt and Whitewater 
series and the Ramsey Lake Conglomerate. All post-Algoman, pre- 
Keweenawan rocks are classed as Animikean. Pre-Algoman, post- 
Laurentian rocks are ““Temiskamian.”” This name covers the Sudbury, 
Temiskaming, and Hastings series. For the group including the 
Keewatin and Grenville they propose the name “Loganian.” They 
think it unnecessary to retain the name Coutchiching, nor do they con- 
sider that the position of those beds has been proved to be below the 
Keewatin. 

Their classification is as follows: 

Keweenawan. Upper copper-bearing rocks of Lake Superior. Igneous rocks 
are both massive and in flows. Sedimentary rocks are little 
altered in horizontal positions. 

Unconformity. 

Animikian. Upper Huronian, Cobalt series, etc. Quartzite, arkose, con- 
glomerates in usually only gently folded positions. 

Great unconformity. 

Algoman. Lorrain, Moira, Killarney, Younger Laurentian granites. 
Generally massive, color pink. 

Temiskamian. Lower Huronian, Sudbury series. Quartzites, arkose, con- 
glomerate, Hastings limestone. Usually dips at high angles 
and is schistose. 


Unconformity. 
Laurentian. Granites and gneiss. Color typically gray. 
Loganian. Grenville and Keewatin. Highly metamorphosed. Lime- 
stones, iron formations, and igneous flows. 
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